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Introduction
Sick leave and work disability are of major concern for governments as well as for 
employers  [1;2].  One  of  the  leading  models  for  explaining  mechanisms 
responsible for work disability is the model of work load and work capacity [3]. 
This  model  is  frequently  used  by  medical  disciplines  such  as  rehabilitation, 
occupational  and  insurance  medicine  to  determine  work  ability  or  financial 
disability compensation. Following this model, presented in figure 1, physical, 
chemical and psychosocial work load will lead, dependently of work capacity, to 
short-term effects. These short-term effects may disappear by recovery or remain 
present  and  become  chronic  (long-term  effects).  Individual  differences  in 
consequences  to  short-term  effects  are  due  to  differences  in  work  capacity.  A 
disbalance in which workload exceeds work capacity may then lead to long lasting 
disability  [3].  Chronic  musculoskeletal  pain  (CP)  is  one  example  which  is 
frequently  explained  by  disbalance  between  work  load  and  work  capacity. 
Prevalence and incidence rates of CP is huge and of major concern for society. Of 
the Dutch population over 25 years of age, 44% reported chronic musculoskeletal 
pain  [4].  Of  all  work  disability  claims,  28%  are  due  complaints  of  the 
musculoskeletal system. It was estimated that in the Netherlands, total costs were 
over 6 billion euros per year, which accounts for approximately €  400,- per capita 
[1]. 
For practitioners, working in rehabilitation, occupational or insurance medicine, 
objective data for work load and work capacity is of great importance to determine 
work  disability,  to  improve  work  ability,  facilitate  return  to  work  (RTW)  or 
staying at work. In occupational rehabilitation, increase in functioning by restoring 
balance between workload and work capacity by means of decreasing load and/or 
increasing capacity is a  main treatment goal. These occupational rehabilitation 
programs  have  their  main  focus  on  restoring  functioning  of  those  disabled  to 
participate  in  society  and  the  work  process.  Multidisciplinary  rehabilitation  is 
effective and efficient in restoring functioning [5]. In insurance medicine, this 
model is used to determine a client’s capacity in relation to their work. Based on 
this data, determinations are made with respect to work a client is able to perform. 
Furthermore, the work load and work capacity model is used to determine work 
disability  allowances.  To  measure  load  or  capacity,  practitioners  working  in 
different  disciplines  can  choose  from  questionnaires,  expert  based  opinions  or 
performance  based  measurements  [6].  It  is  unknown  which  one  can  be  used 
preferably, but all measurements are known to measure different constructs [6]. A 
gold standard for measuring capacity is lacking [7] and quantification of work 
load  and  work  capacity  in  relation  to  functioning  remains  challenging  for 
practitioners. 
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Figure 1. Model of work load and work capacity [3]. 
Functional Capacity Evaluation 
In  the  past  decade,  there  has  been  a  growing  support  that  performance  based 
measurements  may  contribute  to  more  objective  determinations  of  functional 
capacity  in  patients  with  CP  [6;8].  One  example  of  performance  based 
measurements is a Functional Capacity Evaluation (FCE). FCEs are standardized 
batteries of tests which form an evaluation of capacity of activities. FCEs are used 
in  rehabilitation,  occupational  and  insurance  medicine  which  all  use  the  same 
method, but differ in purpose. The objectives of FCE in occupational medicine 
concern evaluation of capacity in a work context. Matching FCE results with data 
gathered from a Work Place Assessment (WPA) are used to determine the level of 
work ability. In insurance medicine FCEs can contribute to determination of a 
client’s  functional  capacity  to  determine  (dis)ability  in  workers  compensations 
claims  or  medico  legal  claims.  In  rehabilitation  medicine,  FCEs  are  used  to 
identify  work  ability  and  treatment  goals.  Additionally,  FCE  may  serve  as  a 
program evaluation to indicate whether patients have improved in capacity after 
rehabilitation. In the past years, the use of FCEs has been increasingly studied in 
the field of insurance medicine [9], rehabilitation medicine [10] and occupational 
medicine [10].  
Measurement qualities of FCE 
Two reviews were performed to report on the reliability and validity of different 
work related assessments [11;12]. Both concluded that more extensive research 
was needed to study reliability and validity dependent on the different protocols 
which are used in the field. One of these protocols, The WorkWell FCE (WW 
FCE; the former Isernhagen Work Systems FCE), was reviewed to have some 
qualities concerning reliability and validity [11;12]. Additionally, to be able to 
predict RTW and long lasting functioning, responsiveness of the FCE had to be 
researched  [13;14].  Responsiveness  of  FCE,  however,  remains  challenging 
because  a  gold  standard for  Functional  Capacity  is  missing  and  because  there 
appears to be a large natural variance in normal performance [7]. In contrast to 
self-report measurement by questionnaire and clinician based assessment, FCE is 
used  to  gain  objective  data  which  measures  independently  of  patients  reports. 
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Some FCE providers claim that with FCE an evaluator is able determine capacity 
independent of pain behaviour [15]. Hart et al. proposed a hierarchic model of 
measurement  qualities  any  clinical  test  should  require  [16].  These  are:  safety, 
reliability,  validity,  practicality  and  utility.  Safety  of  FCE  has  been  scarcely 
addressed in the peer reviewed literature. Safety of FCE was disputed because a 
definition of injury was lacking and it was unknown whether a pain response after 
FCE was due to muscle soreness or aggravation of symptoms. Reliability was 
demonstrated in the WW FCE in healthy subjects and patients with chronic low 
back pain [17;18]. As addressed above, some parts of validity were identified for 
the WW FCE but some were not. Practicality and utility has strongly increased in 
the  past  years.  According  to  the  first  manual  of  the  WW  FCE,  testing  of  all 
activities lasts approximately 5 hours, divided over two days of testing [19]. FCE 
has evolved, as evidenced by protocols described in Version 2 [20]. To improve 
utility,  shorter  FCE  protocols  were  developed  based  on  diagnosis  or  work 
characteristics. Examples are a back protocol for patients suffering from Chronic 
Low Back Pain [21], or job specific protocols for health care professionals in 
nursing [22]. Development of other FCE protocols for different pathologies and 
jobs may enhance further improvement in utility of FCE. 
Gaps in FCE research 
While  extensive  research  was  performed  in  the  past  years  concerning  the 
measurement qualities described in a previous study [16], other important issues 
concerning  good  measurement  qualities  have  not  yet  been  examined.  Perhaps 
because FCE research evolved from different health related sectors, a consented 
conceptual  framework  was  lacking  in  order  to  describe  what  is  intended  to 
measure. This is important because when no gold standard can be identified, or 
consented upon, it is unclear what exactly FCE intends to measure. 
  
In 2001, The World Health Organisation published the International Classification 
of  Functioning,  Disability  and  Health  (ICF)  to  provide  a  scientific  basis  for 
understanding  and  studying  health  and  health-related  states,  outcomes  and 
determinants; to establish a common language for describing health and health-
related  states  in  order  to  improve  communication  between  different  users;  to 
permit comparison of data across countries, health care disciplines, services and 
time and to provide a systematic coding scheme for health information systems 
[23]. The first three aims of ICF are very closely related to the abovementioned 
gaps  in  FCE  research  and  ICF  may  therefore  be  of  substantial  use  for 
classification of FCE related terms. The second lack in FCE related research is 
frequently argued upon in international literature and concerns confused use of 
language  [13;24].  Literature  tends  to  use  different  terms  interchangeably 
sometimes  even  without  providing  any  definitions.  This  may  have  caused 
discussion in the past. If no consensus in operational definitions is found, then this 
makes it difficult for a clinician to interpret FCE results validly. 
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Another gap in FCE research, addressed in international literature, concerns the 
lack of normative values for FCE. This restricts health care providers to correctly 
interpret  data  and  make  recommendations.  Although  content  validity  of  some 
FCEs are based on the Dictionary of Occupational Titles (DOT) [25-27], and most 
tests are related to functional demands as described by the DOT, generalization to 
the workplace appears to remain challenging [28;29]. The load-capacity model [3] 
may be a clear and logic model in this case, but evidence on operationalization of 
this  model  is  scare.  Comparing  work  capacity  to  work-load  data  to  make 
recommendations  for  work  can  be  done  only  minimally  yet.  The  WorkWell 
protocol  described  rules  for  generalization  of  capacity  perceived  from  FCE  to 
work load over a day [20]. Reliability and validity of these rules, however, are not 
available. The use of normative data of healthy workers in this may play a role in 
closing the gap between determination of work load and work capacity in relation 
to functioning.  
Aims of this Thesis 
This  thesis  focuses  on  the  measurement  qualities  of  FCE  which  are  outlined 
above.  Because  the  focus  is  on  measurement  qualities,  this  thesis  is  mainly 
performed  with  healthy  subjects.  Only  in  Chapter  5  and  8,  data  is  used  from 
patients with Chronic Low Back Pain (CLBP).  In figure 2 at page 8, a scheme is 
presented which outlines this thesis.  
In Chapter 2, a study is presented which focuses on reaching consensus between 
international experts on operational definitions and conceptual framework of FCE. 
This study is performed to allow comparison of data across countries and to create 
a theoretical foundation in which different aspects of functioning can be described.  
In Chapter 3 and 4, a new FCE protocol is presented for upper extremity pain to 
improve  utility  and  practicality  of  FCE.  Chapter  3  focuses  on  the  construct 
validity of the FCE protocol and in Chapter 4, test-retest reliability is reported. 
Chapter 5 and 6 deal with the pain response following FCE. This is done to further 
study  safety  aspects  of  the  FCE.  In  Chapter  5,  a  study  is  presented  which 
addresses the pain response of healthy individuals following an FCE and describes 
the  differences  and  similarities  of  the  pain  response  of  healthy  individuals 
compared to patients with CLBP. In Chapter 6, possible predictive variables for a 
pain response after FCE are investigated to identify potential risk groups.  
In Chapter 7, a study is presented which describes normative values for Functional 
Capacity. These normative values contribute to closing the gap between work load 
and work capacity and may improve interpretation of disability and work ability 
decisions.  
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In Chapter 8, a study is presented in which two lifting assessment protocols are 
compared to each other.  
Chapter 9 is the final chapter of this thesis and provides a general discussion 
concerning  the  clinical  relevance  of  the  performed  studies,  methodological 
considerations and future directions regarding FCE research. 
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Abstract
Introduction:  The  problem  of  inconsistent  terminology  in  functional  capacity 
evaluation (FCE) has been widely addressed in the international literature. Many 
different terms seem to be used interchangeably while other terms appear to be 
interpreted differently. This may seriously hinder FCE research and clinical use. 
The goal of this study was to gain consensus in operational definitions in FCE and 
conceptual framework to classify terminology used in FCE.  
Methods: A Delphi Survey with FCE experts was conducted which consisted of 
three rounds of questioning, using semi and full structured questions. The expert 
group was formed from international experts in FCE. Experts were selected if they 
met any of the following criteria: at least one international publication as first 
author  and  one  as  co-author  in  the  field  of  FCE;  or  an  individual  who  had 
developed an FCE that was subject of investigation in at least one publication in 
international  literature.  Consensus  of  definitions  was  considered  when  75%  or 
more of all experts agreed with a definition.  
Results: In total, 22 international experts from 6 different countries in Australia, 
Europe  and  North  America,  working  in  different  health  related  sectors, 
participated in this study.  
Conclusion: Consensus concerning conceptual framework of FCE was met in 9 
out of 20 statements. Consensus on definitions was met in 10 out of 19 definitions. 
Experts agreed to use the ICF as a conceptual framework in which terminology of 
FCE should be classified and agreed to use pre-defined terms of the ICF. No 
consensus  was  reached  about  the  definition  of  FCE,  for  which  two  potential 
eligible definitions remained. Consensus was reached in many terms used in FCE. 
For future research, it was recommended that researchers use these terms, use the 
ICF as a conceptual framework and clearly state which definition for FCE is used 
because no definition of FCE was consented.  

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Introduction 
Functional capacity evaluations (FCEs) are standardized batteries of tests which 
all together form an evaluation of capacity of work-related activities. FCEs are 
used in occupational, insurance, and rehabilitation medicine in order to evaluate 
work ability. Earlier studies show that there is evidence of reliability and some 
aspects  of  validity,  depending  on  the  FCE  protocol  [1].  Worldwide  there  are 
multiple FCEs using different protocols from different providers which all claim 
to measure the same construct, namely functional capacity. However, concurrent 
validity of these FCE protocols are moderate to poor [2–4]. In addition, when the 
same protocol is administered in a different environment, different results appear 
[5]. Differences between various approaches to FCEs may include variations in 
the number of measurements obtained, degree of standardization or the clarity of 
the  concepts  and  underlying  theories  [6].  A  possible  explanation  of  variation 
between results, besides the points addressed above, is the lack of consensus used 
in terms of operational definitions. Different authors have previously addressed 
this issue [3,7,8]. One study has addressed the problem of confused definitions of 
terms  and  confusion  in  conceptual  framework.  This  study  resulted  in 
recommendations  on  how  to  use  operational  definitions  in  the  field  of  work-
related assessments [7]. Additionally, a different study addressed the presumed 
difference between a kinesiophysical (evaluator terminates a test when maximum 
is reached) and a psychophysical approach to FCE (patient terminates the test 
when acceptable maximum is reached). This study, however, found no differences 
between the test termination criteria and concluded that this presumed difference 
may  be  due  to  a  lack  of  clarity  in  operational  definitions  [3].  Others  found 
inconsistencies in terminology in physical functioning, functional ability, physical 
ability,  physical  activity,  activity,  capacity,  performance,  functional  status, 
functional  limitations,  etc.  and  concluded  that  consensus  was  needed  [7,8]. 
Authors  have  proposed  to  use  the  World  Health  Organizations’  International 
Classification of Functioning, Disability and Health (ICF) to classify work-related 
definitions in a world wide consented framework [9–11]. All proposed to use the 
ICF because it considers functioning as a biopsychosocial understanding of health 
in which physical and behavioral functions are in dynamic interaction with each 
other. 
The ICF is a classification system which was constructed by the World Health 
Organization  (WHO)  and  aims  to  provide  a  universal  classification  system  of 
disability and functioning for the use in health and health-related sectors. The aims 
of the ICF are: to provide a scientific basis for understanding and studying health 
and  health-related  states,  outcomes  and  determinants;  to  establish  a  common 
language  for  describing  health  and  health-related  states  in  order  to  improve 
communication between different users; and to permit comparison of data across 
countries, health care disciplines, services and time and to provide a systematic 
coding scheme for health information systems. The ICF provides a model which 
describes  determinants  of  functioning  which  depend  on  six  interrelated 
components.  These  components  are:  disease  and  disorder;  functions  and 
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functional  limitations,  etc.  and  concluded  that  consensus  was  needed  [7,8]. 
Authors  have  proposed  to  use  the  World  Health  Organizations’  International 
Classification of Functioning, Disability and Health (ICF) to classify work-related 
definitions in a world wide consented framework [9–11]. All proposed to use the 
ICF because it considers functioning as a biopsychosocial understanding of health 
in which physical and behavioral functions are in dynamic interaction with each 
other. 
The ICF is a classification system which was constructed by the World Health 
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disability and functioning for the use in health and health-related sectors. The aims 
of the ICF are: to provide a scientific basis for understanding and studying health 
and  health-related  states,  outcomes  and  determinants;  to  establish  a  common 
language  for  describing  health  and  health-related  states  in  order  to  improve 
communication between different users; and to permit comparison of data across 
countries, health care disciplines, services and time and to provide a systematic 
coding scheme for health information systems. The ICF provides a model which 
describes  determinants  of  functioning  which  depend  on  six  interrelated 
components.  These  components  are:  disease  and  disorder;  functions  and 
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structures; activities or limitations of activities to perform a task or action by an 
individual; participation or its limitations in the involvement in a life situation; 
environmental factors; and personal factors [12]. The purposes of ICF are very 
near  to  the  purpose  of  this  research  and  therefore,  ICF  may  be  suitable  as  a 
conceptual framework. A difficulty of interpreting definitions within this model 
may  be  that  the  ICF  is  generic  to  all  health  related  topics  and  may  not  be 
sufficiently operationally defined for the use in specific working areas such as 
FCE. Therefore, with regards to operational definitions in FCE, widely consented 
definitions of experts may be very valuable because the integration of knowledge 
from  researchers  and  clinicians  can  form  a  solid  basis.  Clear  operational 
definitions  may  enhance  establishment  of  common  language  and  improve 
comparison  of  data.  The  objectives  of  this  study  were:  to  gain  consensus  in 
operational  definitions  used  in  FCE  and  to  gain  consensus  in  a  conceptual 
framework in which FCE can be classified.  
Methods  
Study Outline 
To reach consensus on operational definitions used in FCE and on conceptual 
framework, a Delphi study design was used. In total, three Delphi rounds were 
held. A focus group meeting was held prior to the Delphi Survey. The subsequent 
steps which were followed were adapted from Fowles [13] and are presented in a 
flow  chart  in  Fig.  1.  The  first  step  in  the  process  of  the  construction  of  the 
questionnaire was made by the authors who pre-defined operational definitions 
that were frequently used in the international literature or operationally defined by 
a dictionary. Pre definitions were sent to Dutch FCE experts and following to this, 
a Focus Group meeting was held with Dutch FCE experts in order to construct a 
semi-structured  questionnaire  in  which  all  relevant  objectives  were  addressed. 
This led to the basis of the first round questionnaire. Consensus was operationally 
defined when 75% or higher of the participants agreed [14]. All questions on 
which no consensus was reached as a result of the first round, were adapted and 
rewritten by the authors based on recommendations of experts and were provided 
in the second round. An additional third round was held to address definitions in 
which no consensus was reached in the first two rounds. All questionnaires were 
sent by e-mail. Experts were given 2 weeks to fill in and return the questionnaire 
by e-mail or fax. E-mail reminders were sent after the first and after the second 
week. 
Participants: The Expert Panel 
The Focus Group, which was held prior to the Delphi Survey, consisted of six 
Dutch FCE experts and one expert of the ICF. The aim of the Focus Group was to 
construct a first round questionnaire and to select experts in the field of FCE. 
Experts  were  invited  to  represent  a  variety  of  expertise  in  FCE.  Experts 
represented clinical practice, research or provider of FCE, and were working in 
insurance,  rehabilitation,  occupational  medicine,  and  education.  Experts  were 
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selected  if  they  met  any  of  the  following  criteria:  At  least  one  international 
publication  as  first  author  and  one  as  co-author  in  the  field  of  FCE;  or  an 
individual who had developed an FCE that was subject of investigation in at least 
one  publication  in  international  literature.  The  authors  consulted  the  Medline 
database to identify potential participants. Additionally, Focus Group members 
and invited experts were sent a list of all potentially eligible experts and they were 
asked whether anyone should be on the invitation list that was not invited yet but 
did meet the inclusion criteria. Experts who were willing to participate signed 
informed consent and returned this. A total of 33 potential eligible experts from 
North  America,  Australia,  Asia  and  Europe  were  identified  and  invited  to 
participate  in  this  study.  Anonymity  of  experts  was  guaranteed.  All 
correspondence concerning the study was collected by the author’s secretary and 
results  were  blinded  for  the  authors.  Data  analyses  were  thus  performed 
anonymously. 
First Round 
The first round questionnaire was semi-structured and consisted of two sections 
addressing 30 questions. The purpose of the first round was to explore the experts’ 
opinions  about  definitions  of  FCE-related  terms  and  to  explore  whether  a 
conceptual framework could be used to classify terms. Additionally, experts were 
asked to provide additional definitions of terms besides those that were already 
addressed.  The  first  section  addressed  the  place  of  FCE  in  a  conceptual 
framework. Section 2 of the questionnaire addressed operational definitions of 
FCE related terms. The content of the first round is presented in the Appendix. 
The questionnaire took approximately 1 hour to complete. 
Second Round 
Based  on  the  results  of  the  first  round,  the  second  round  questionnaire  was 
constructed (Appendix). This questionnaire contained 21 full structured questions. 
The questionnaire contained two sections. The first section addressed the place of 
FCE within the ICF. Experts were asked whether they did or did not concur with 
FCE related definitions as predefined by the ICF and whether they agreed or did 
not  agree  with  certain  statements  used  in  FCE  language.  In  section  2  of  the 
questionnaire, experts were asked to agree or disagree with operational definitions 
which were used commonly in FCE. Terms indicated in Round 1 were included in 
the second round. 
Third Round 
A third round with nine questions was held to clarify different constructs in which 
no consensus was reached (Appendix). This questionnaire contained questions in 
which two definitions were proposed which were mostly supported in the second 
round. Additionally, this questionnaire contained questions concerning the place 
of FCE in ICF. Experts were given the opportunity to ‘agree’ or ‘disagree’ with a 
statement  or  to  choose  one  definition  which  should  be  used  in  FCE  in  their 
opinion.  
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3. Focus group meeting with 6 Dutch FCE experts and 1 ICF expert: 
a. Construction of the questionnaire.  
b. Selection of experts by focus group. (N=31) 
4. Invitation of experts: 
a. Selected experts by focus group. (N=31) 
b. ‘Other’ experts addressed by selected experts (N=2)  
 5.     First Delphi Round (N=22 experts; 30 questions) 
11 experts did 
not reply 
6. Analysis of the First Round responses (N=21) by the authors. 
7. Construction of the second Delphi round with a summary of the 
results obtained in the First Round to be sent to the experts. 
1 expert did 
not reply 
 8.      Second Delphi Round (N=22 experts; 21 questions) 
 9.      Analysis of the Second Round responses (N=18) by the authors. 
4 experts did 
not reply 
 11.   Third Delphi Round (N=22 experts; 9 questions)
10. Construction of the Third Delphi round with a summary of the 
results obtained in the previous Rounds to be sent to the experts. 
 13.   Writing of final report by the authors. 
4 experts did 
not reply 
 12.   Analysis of the Third Round responses (N=18) by the authors.
1. pre-selection of experts 
by the authors (N=28) 
2. Development of concept First Round 
Delphi questionnaire by the authors￿
Figure 1. Flow chart of Delphi Survey 
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Results
A total of 33 potential eligible experts from six different countries were identified 
and invited to participate in this Delphi Survey. A total of 22 experts responded to 
this  invitation  and  signed  and  returned  informed  consent.  There were  11 non-
responders  (33%).  Included  experts  (18  researchers,  4  developers)  were  from 
Australia (n = 3), Europe (n = 10) and North America (n = 9). 
First Round  
Of all included experts, 95% returned the questionnaire within two weeks (21 out 
of 22). In Tables 1 and 2, the items on which consensus was met are presented. 
While experts agreed upon the use of ICF as a conceptual framework, there was at 
this stage no consensus on how to do this. Additional definitions of terms were 
proposed in a high variety by the expert panel, indicating that experts are using 
different terms and definitions of terms. Three items were accepted concerning 
conceptual framework (Table 1) and three definitions were accepted (Table 2). As 
a  result  of  the  first  round,  the  authors  chose  to  exclude  further  questions 
concerning  work  performance,  work  ability,  work  tolerance,  malingering  and 
aggravation. Authors did this because the experts agreed with the complexity and 
extensiveness of these terms and should be researched separately from this study 
(see Table 3).  
Table 1.  Items in which consensus was met concerning FCE within the framework 
of the ICF (agreement ￿ 75%) 
round; Item 
number 
Statement  Agreement 
(%)
1; 3  ICF may offer a suitable classification to operationally define terms 
used in FCE. 
77 
1; 2  FCE should not focus on disability solely  100 
1; 1  FCE should at least measure activities at the level of the whole 
person 
95 
2; 3  FCE is performance based measurement to determine what the 
person can do safely, not what he/she can’t do. 
89 
2; 1  FCE primarily focuses on activity level which include complex 
interactions between the domains body functions/ structures and 
activities and participation 
83 
2; 2  The purpose of FCE is to make decisions on the level of functioning 
(acting in his/her environment) 
78 
2; 8  The capacity qualifier according to the ICF represents more than ‘the 
maximum anatomical limits of a person’, because mental functions 
and personal factors are also of influence in the capacity qualifier. 
83 
2; 9  Anatomical limits are a part of the capacity qualifier  100 
3; 8  The difference between a Work Capacity Evaluation and a 
Functional Capacity Evaluation is not the setting but the content of 
the tasks. We can describe these differences in work related tasks and 
in functional tasks  
77 
FCE: Functional Capacity Evaluation; ICF: International Classification of Functioning Disability and 
Health 
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2; 3  FCE is performance based measurement to determine what the 
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FCE: Functional Capacity Evaluation; ICF: International Classification of Functioning Disability and 
Health 
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Table 2. Items in which consensus was met concerning operational definitions of 
FCE related terms (agreement ￿ 75%) 
Round; Item 
number
Definition  Agreement 
(%)
1; 10  Evaluation is ‘a systematic approach including observation, 
reasoning and conclusion. Going beyond monitoring and recording, 
the evaluation process implies an outcome statement that is 
explanatory, as well as an objective measurement’.   
82 
1; 13  Test is ‘a standardized procedure of measurement’.  86 
1; 23  Inconsistency is ‘lacking agreement, as on thing with another or two 
or more things in relation to each other.’ 
95 
2; 4  Performance is ‘what a person does in the current environment.’ *  83 
2; 7  Capacity is ‘the highest probable level of functioning that a person 
may reach in a domain at a given moment in a standardized 
environment.’ * 
78 
2; 21  Injury is ‘damage or harm done to or suffered by a person or thing.’ 
** 
89 
3; 3  Screening is ‘a review to see if further evaluation is needed. It is not 
a full evaluation itself.’ 
88 
3; 4  Evaluation and assessment are the preferred terms to be used in FCE. 
One can use either one of them, depending on the purpose. 
83 
3; 5  Assessment is ‘a systematic approach including observation, 
reasoning and conclusion.’ 
87 
3; 9  Safety is ‘a situation that, given the known characteristics of the 
person, the procedure should not be expected to lead to injury.’ 
78 
FCE: Functional Capacity Evaluation; ICD: International Classification of Diseases. * is ICF 
definition; **is ICD-10 definition 
Second Round  
The response rate after the second round was 82% (18 out of 22) in this round. 
Experts reached consensus on the definitions as they were predefined within the 
ICF. Five items were accepted concerning conceptual framework (Table 1) and 
three definitions were accepted (Table 2).  
Third Round 
The response rate of the third round was 82%. Consensus was reached in five out 
of nine questions. Results of the third round are presented in Tables 1 and 2. After 
the  third  round,  consensus  was  reached  on  19  items.  Nine  items  represented 
operational definitions and ten items concerned the place of ICF in a conceptual 
framework. No consensus was reached on nine definitions, on which five were 
excluded as a result of the first round. Definitions for which no consensus was 
reached after the third round were: FCE; Physical Capacity Evaluation; recovery 
and ability. All excluded definitions are presented in Table 3. 
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Table 3. FCE related items in which no consensus was met 
Item  Reason excluded 
Work performance   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Work ability   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Work tolerance   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Malingering   Excluded after round 1. No consensus reached; no alternative definitions 
proposed￿
Recovery ￿ Excluded after round 1. Relation of item deemed to far from FCE ￿
Aggravation  Excluded after round 1. No consensus reached; no alternative definitions 
proposed 
Functional Capacity 
Evaluation 
No consensus reached 
Physical Capacity 
Evaluation 
No consensus reached
Work capacity 
evaluation 
No consensus reached 
Ability  No consensus reached 
FCE: Functional Capacity Evaluation 
Discussion  
One of the main results of this study was that experts agreed on using the ICF as a 
conceptual  framework  for  FCE  and  that  experts  consented  with  definitions  of 
terms as defined in the ICF. The study results gain more insight in the definitions 
which  are  used  frequently  in  FCE  and  contribute  therefore  to  psychometric 
characteristics of FCEs. Interestingly, no consensus was reached on the term FCE 
itself. Even though consensus was reached on the different terms that comprise 
FCE, no consensus was reached for one single definition of FCE. It appears that 
this combination of terms seem to be interpreted differently than the items solely. 
After  elimination  of  optional  definitions  during  three  rounds,  two  definitions 
remained. The two definitions with the highest points scored were: 
1. A FCE is an evaluation designed to document and to describe a person’s 
current  safe  work  ability  from  a  physical  ability  and  motivational 
perspective with consideration given to any existing medical, impairment 
and/or pain syndromes. (38% agreement)  
2. A FCE is an evaluation of capacity of activities that is used to make 
recommendations  for  participation  in  work  while  considering  the 
person’s body functions and structures, environmental factors, personal 
factors and health status. (63% agreement)  
In  both  definitions,  multiple  biopsychosocial  factors  such  as  personal  and 
contextual  factors  are  taken  into  consideration.  Moreover,  both  definitions 
consider similarity of FCE purpose, namely to evaluate ability or participation in 
work. It remains unclear whether both definitions can be compared to each other 
on  outcome  because  no  consensus  was  reached  on  the  term  ability.  Both 
definitions may be not mutually exclusive and some experts stated that they may 
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Table 3. FCE related items in which no consensus was met 
Item  Reason excluded 
Work performance   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Work ability   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Work tolerance   Excluded after round 1. Term ‘work’ is too extensive; scope is beyond 
FCE and should be studied in a separate study￿
Malingering   Excluded after round 1. No consensus reached; no alternative definitions 
proposed￿
Recovery ￿ Excluded after round 1. Relation of item deemed to far from FCE ￿
Aggravation  Excluded after round 1. No consensus reached; no alternative definitions 
proposed 
Functional Capacity 
Evaluation 
No consensus reached 
Physical Capacity 
Evaluation 
No consensus reached
Work capacity 
evaluation 
No consensus reached 
Ability  No consensus reached 
FCE: Functional Capacity Evaluation 
Discussion  
One of the main results of this study was that experts agreed on using the ICF as a 
conceptual  framework  for  FCE  and  that  experts  consented  with  definitions  of 
terms as defined in the ICF. The study results gain more insight in the definitions 
which  are  used  frequently  in  FCE  and  contribute  therefore  to  psychometric 
characteristics of FCEs. Interestingly, no consensus was reached on the term FCE 
itself. Even though consensus was reached on the different terms that comprise 
FCE, no consensus was reached for one single definition of FCE. It appears that 
this combination of terms seem to be interpreted differently than the items solely. 
After  elimination  of  optional  definitions  during  three  rounds,  two  definitions 
remained. The two definitions with the highest points scored were: 
1. A FCE is an evaluation designed to document and to describe a person’s 
current  safe  work  ability  from  a  physical  ability  and  motivational 
perspective with consideration given to any existing medical, impairment 
and/or pain syndromes. (38% agreement)  
2. A FCE is an evaluation of capacity of activities that is used to make 
recommendations  for  participation  in  work  while  considering  the 
person’s body functions and structures, environmental factors, personal 
factors and health status. (63% agreement)  
In  both  definitions,  multiple  biopsychosocial  factors  such  as  personal  and 
contextual  factors  are  taken  into  consideration.  Moreover,  both  definitions 
consider similarity of FCE purpose, namely to evaluate ability or participation in 
work. It remains unclear whether both definitions can be compared to each other 
on  outcome  because  no  consensus  was  reached  on  the  term  ability.  Both 
definitions may be not mutually exclusive and some experts stated that they may 
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be  even  complementary  to  each other. However,  if ICF  were  to be used  as  a 
framework for FCE, the second definition seems preferable because all terms are 
defined  within  the  ICF.  However,  as  authors  of  this  study,  we  have  excluded 
ourselves  as  participants  in  this  study.  Therefore,  based  on  the  predefined 
methodology of this study, we cannot recommend one definition over the other. 
Thus, it is recommended that in future studies researchers provide the definition of 
FCE they used.  
Former research to psychometric properties of functional tests had recommended 
that all test selection should be done based to psychometric properties of safety, 
reliability,  validity,  practicality,  and  utility  [15].  Safety,  for  example,  has 
previously been object of discussion, merely, because of the lack of a consented 
operational  definition  for  safety  and  for  injury  [16–18].  Therefore,  above  all, 
previously  mentioned  properties  can  only  be  applied  when  measurement 
instruments are placed and described in the context in which they are intended to 
and if operational definitions are clear. This is a crucial point in many different 
health sectors in which researchers from different areas conflict with each other 
because of a lack of consensus in terminology. This, in turn, makes it impossible 
to compare or interprete data correctly and seriously hinders progression in this 
field. ICF may in this case offer a framework in which multiple work fields may 
classify definitions [12]. ICF, however, is universal to all health related sectors 
and should in most cases be further operationally defined to be of use in other 
specific sectors.  
A difficulty in this study was, as mentioned above, that ICF is generic to all health 
related sectors and not specific to any work field in particular. FCE development 
evolved in the 1980s, 20 years before the introduction of the ICF in 2001 [12]. 
This made it difficult to post hoc classify terminology in a framework of a date 
beyond introduction of FCE. Another difficulty in reaching consensus was the 
differences of work disciplines and health disciplines involved in FCE. Therefore, 
an expert group was selected which consisted of persons working in insurance 
medicine, rehabilitation medicine, occupational medicine, and education. Because 
FCE is used by different disciplines, terminology had evolved in the past decades 
to a jumble of terms in which different health care providers used different terms. 
In the 1980s, FCE developers and researchers were strongly influenced by the 
biomedical model. The term capacity, for example, was first defined as ‘physical 
abilities maximums’ [19]. This dualistic approach formed a basis of categorization 
of physical  and  psychosocial  factors  influencing  the  individual  based on body 
functions and structures. This approach excludes contextual or personal factors by 
stating that functioning is no more than the sum of different body functions or 
structures. As a result of the first round, experts agreed on using the ICF as a 
potential  useful  classification  system  for  FCE  and  related  terminology.  The 
experts  disagreed,  however,  on  how  to  classify  the  terms  of  ‘capacity’  and 
‘performance’. There appeared to be a rather strict separation between biomedical 
oriented  and  biopsychosocial  oriented  experts.  Where  the  biomedical  oriented 
defined  capacity  as  ‘‘the  maximal  limits  of  the  anatomical  system’’,  the  bio- 
Towards Consensus in Operational Definitions in FCE: A Delphi Survey 
￿
￿ 19
psychosocial oriented [20] disagreed because “we cannot measure the maximal 
limits of the anatomical system and capacity is about functioning and not about 
body functions/structures.” The latter agree with a definition such as ‘the highest 
probable level of functioning’. The main result of the first round was therefore: 
experts do agree that the ICF provides a useful framework but do not agree on 
how to classify definitions within the ICF.  
One objective of the second round was to confront experts with this contrast. 
Authors  constructed  a  questionnaire  to  address  these  issues.  All  experts  were 
asked whether they could or could not concur with the definitions of capacity and 
performance as they were predefined within the ICF. At least 79% of all experts 
concurred  with  these  questions.  Some  experts  who  did  not  concur  with  these 
definitions did this because ‘‘FCE terminology had already been developed in the 
biomedical context and was not incorporated in the ICF model.’’  
A general weakness of this study may be selection bias of included experts. Some 
experts may have dropped out or resign to participate because of negative feelings 
they  have  about  the  study.  The  response  rate  of  all  experts  who  agreed  to 
participate, however, was above 80% in all three rounds. Delphi studies, however, 
have  been  found  an  effective  way  to  gain  and  measure  group  consensus  in 
healthcare [21]. To reduce the risk of excluding experts who should have been 
included in this study, the focus group, which was held prior to the Delphi Survey, 
was asked whether any experts should be invited who was not pre-screened from 
the Medline database by the authors. This resulted in three additional experts. This 
question was again asked to all experts when sending the first invitation. Again, 
two  additional  experts  were  included.  Nevertheless,  experts  could  have  been 
missed which may have led to a selection bias. Another point of selection bias was 
present  because  two  of  the  authors  of  this  study  (RS;  MR)  met  the  inclusion 
criteria for experts but were not included in the expert panel. Strength of this study 
was that experts did not directly interact with each other, which prevented social 
processes or contaminations that can happen in group processes. Where single 
experts  may  suffer  biases  and  group  meetings  suffer  from  ‘follow  the  leader’ 
tendencies, a Delphi method was assumed to be the most appropriate technique for 
this consensus study [22].  
In conclusion, the results of this study show that consensus was reached in a large 
part of operational definitions in FCE. This may enable researchers as well as 
clinicians  to  improve  communication  and  to  better  interpret  data  and  patient 
outcome.  In  this  study,  consensus  was  met  on  using  the  ICF  as  a  conceptual 
framework in order to classify terminology of FCE. Experts met consensus to use 
predefined terms of the ICF. Consensus was met in 19 statements and definitions 
in total. No consensus was met about a definition of FCE for which two potential 
eligible definitions remained. It was recommended that authors define definitions 
they use in future research in order to permit comparison of data and to serve as 
the use of a common language. 
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biomedical context and was not incorporated in the ICF model.’’  
A general weakness of this study may be selection bias of included experts. Some 
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Appendix 
Questionnaires used in Delphi study: 
Round 1 
1.  In your opinion; which level of ICF should Functional Capacity Evaluation address? (Multiple 
answers possible)
1) Body function and body structure level, 
2) Activities at the level of the whole person, 
3) Participation at the level of the whole person in a social context 
4) no opinion 
2.  In your opinion; should FCE focus on functioning, disability or both?
3. In your opinion; The ICF may offer a suitable classification to operationally define terms used in 
FCE:
4. Please indicate whether you agree with the following definitions of Capacity for FCE  
• An individual’s ability to execute a task or an action. This construct identifies the highest 
probable level of functioning of a person in a standardized or ideal environment at a 
given moment. 
• The  maximal  limits  of  an  individual  in  terms  of  anatomical,  physiological  and 
psychological systems.
5.  Ability is a not defined term in the ICF but is frequently used as the opposite of disability.  
In your opinion: ability should be operationally defined as being equal to functioning (as 
defined in the ICF). 
6. If you (strongly) disagree with question 5; please indicate whether you agree with the following 
definitions of Ability for FCE:  
• The quality of being able to perform tasks , especially the physical, mental, financial, or 
legal power to accomplish these tasks 
• Human capacities which are modified by an individual’s attitudes, injury and pain, as 
well as by environmental factors, such as physical and social stressors. 

 21
7. Please indicate whether you agree with the following definitions of Performance:  
• What  an  individual  does  in  his  or  her  current  environment.  Because  the  current 
environment brings in a societal context, performance as recorded by this qualifier can 
also be understood as “involvement in a life situation”. The current environment will be 
understood to include assistive devices or personal assistance. 
• The act or process of functioning in any environment. 
8. ICF makes no difference between “that what a person does in the FCE setting”, and “that what a 
person could do in the FCE setting.” To enable us to make this difference and to appreciate the specific 
environmental context in which an FCE takes place (lab situation), other definitions of capacity and 
performance may be better.  
• Capacity in the FCE context should be defined as ”the maximal limits of an individual”  
• Performance in the FCE context should be defined as “that what a person does in the 
current environment (including the FCE setting.)?”  
9. In your opinion, is performance or capacity measured with an FCE? 
1) Performance following the definition of 7A 
2) Performance following the definition of 7B 
3) Performance following the definition of 8B 
4) Capacity following the definition of 4A 
5) Capacity following the definition of 4B 
6) Capacity following the definition of 8A 
7) No opinion 
10. Please indicate whether you agree with the following definitions of Evaluation:
• A diagnosis or diagnostic study of a physical or mental condition. 
• The  process  of  obtaining  and  interpreting  data  necessary  for  understanding  the 
individual, system or situation.
• A ‘systematic approach including observation, reasoning and conclusion.’ Going beyond 
monitoring and recording, the evaluation process implies an outcome statement that is 
explanatory, as well as an objective measurement. 
• Proposed alternative definition of Evaluation: NO / YES. If yes, please define: … 
11. Please indicate whether you agree with the following definitions of Assessment:
• Specific  tools,  instruments,  or  interactions  used  during  the  evaluation  process  with 
comparison of the affected body part to the norm (a component of the evaluation).  
• The  process  of  investigating  an  individual’s  ability  and  disability  with  respect  to 
expected levels of performance. 
• Proposed alternative definition of assessment: NO / YES. If yes, please define: … 
12. Please indicate whether you agree with the following definitions of Screening: 
• Obtaining and reviewing data relevant to a potential patient to determine the need for 
further evaluation and intervention. 
• The presumptive identification of unrecognized disease or defect by the application of 
tests, examinations or other procedures which can be applied rapidly. 
• Proposed alternative definition of Screening: NO / YES. If yes, please define: …
13. Please indicate whether you agree with the following definition of Test: 
• Standardized procedure of measurement. 
• Proposed alternative definition of Test: NO / YES. If yes, please define: … 
14.  Scientific  literature  uses  different  terms  to  define  the  action  taken  in  FCE  such  as  screening, 
assessment, analyses and evaluation. 
• In your opinion, which one should preferably be used in FCE? 
1) Screening 
2) Assessment 
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3) Test 
4) Evaluation 
5) No opinion 
15.  Please  indicate  whether  you  agree  with  the  following  definitions  of  Functional  Capacity 
Evaluation: 
• Performance based evaluation about an individuals’ capacity for work, thereby enabling 
appropriate decision-making with respect to future management of the injured worker. 
• Batteries of tests to measure the ability to perform work-related activities.
• Functional task to determine a worker’s sincerity of effort. 
• FCE  are  supposed  to  define  an  individual’s  functional  abilities  or  limitations  in  the 
context of safe productive work tasks. 
• What a person can and cannot do. 
• Proposed alternative definition of Functional Capacity Evaluation: NO / YES. If yes, 
please define: …
16.  Please indicate whether you agree with the following definition of Physical Capacity Evaluation:  
• A one time evaluation, using measures to determine the maximal performance of isolated 
physical attributes.
• Proposed alternative definition of Physical Capacity Evaluation: NO / YES. If yes, please 
define: …
17. Please indicate whether you agree with the following definition of Work performance:  
• The  process  of  functioning  over  a  period  of  time  in  the  presence  of  various 
environmental factors and stressors (e.g. heat, humidity, time pressure), and individual 
characteristics.
• Proposed alternative definition of Work performance: NO / YES. If yes, please define: 
18. Please indicate whether you agree with the following definition of Work ability:  
• A match of functioning and required environmental demands in the work situation.
• Proposed alternative definition of Work ability: NO / YES. If yes, please define: …
19. Please indicate whether you agree with the following definition of Work tolerance:  
• The observed and measured physical competencies to perform the physical demands of 
work  tasks.  Measured  as  the  ability  to  sustain  a  given  work  effort  at  a  prescribed 
frequency over a given period of time.
• Proposed alternative definition of Work tolerance: NO / YES. If yes, please define: …
20. Please indicate whether you agree with the following definitions of Safety: 
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury.
• Proposed alternative definition of Safety: NO / YES. If yes, please define: …
21. Please indicate whether you agree with the following definitions of Injury:  
• Damage  or  harm  done  to  or  suffered  by  a  person.  (Harm:  physical  injury  or  mental 
damage.) 
• A particular form of hurt, damage, or loss.  
• Proposed alternative definition of Injury: NO / YES. If yes, please define: …
22. Please indicate whether you agree with the following definitions of Malingering: 
• Pretending  illness  when  the  individual  has  a  clear  motive—usually  to  benefit 
economically or to avoid legal trouble. 
• Intentional  production  of  false  or  grossly  exaggerated  physical  or  psychological 
symptoms, motivated by external incentives such as avoiding military duty, avoiding 
work,  obtaining  financial  compensation,  evading  criminal  prosecution,  or  obtaining 
drugs." 
• Proposed alternative definition of Malingering: NO / YES. If yes, please define: …
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23. Please indicate whether you agree with the following definition of Inconsistency:
• Lacking agreement, as one thing with another or two or more things in relation to each 
other.
• Proposed alternative definition of Inconsistency: NO / YES. If yes, please define: … 
24. Please indicate whether you agree with the following definition of Aggravation: 
• Action that makes a problem, a disease, (or its symptoms) worse.
• Proposed alternative definition of Aggravation: NO / YES. If yes, please define: … 
25. Please indicate whether you agree with the following definition of Recovery: 
• Restoration or return to health from sickness. 
• Proposed alternative definition of Recovery: NO / YES. If yes, please define: … 
26. Physical Capacity Evaluations measure isolated physical attributes in the domain of Body functions 
and structures as classified in the ICF. 
27.  If  Functional  Capacity  Evaluations  measure  work-related  activities,  do  you  agree  with  the      
following statement? 
• Functional  Capacity  Evaluations  measure  work  related  activities  in  the  domain  of 
Activities as classified in the ICF. 
28. Work Performance Evaluations measure work related performance over a time in the presence of 
various external factors in the domain of Participation as classified in the ICF. 
29. FCEs are administered in the context of rehabilitation medicine, occupational medicine, vocational 
medicine, insurance and medico legal matters. 
• In your opinion, should the terms used in FCE be defined independently of the context in 
which the FCE is administered?  
30. Are there any questions or definitions in this questionnaire which have not been addressed and 
should, in your opinion, be added to the questionnaire for the 2
nd round? 
Round 2.  
1. FCE primarily focuses on activity level which include complex interactions between the domains 
body functions/structures, activities and participation.  (If needed read appendix) 
2. The  purpose  of  FCE  is  to  make  decisions  on  the  level  of  functioning  (acting  in  his/her 
environment). 
3. FCE is performance based measurement to determine what the person can do safely, not what 
he/she can’t do.
4. We  have  not  reached  consensus  on  a  definition  of  performance.  Can  you  concur  with  the 
definition of performance as given in the ICF? 
ICF  definition  of  Performance:  what  a  person  does  in  the  current  environment.  The  current 
environment can be understood as ‘involvement in a life situation’. (If needed: read appendix) 
5. If you concur with the ICF definition of performance, than the performance qualifier can only be 
used when measures take place in the environmental (e.g. work) context. 
6. FCE  is  designed  to  measure  in  a  standardized  or  uniform  environment  and  therefore  the 
performance qualifier is of no use in FCE.  
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3) Test 
4) Evaluation 
5) No opinion 
15.  Please  indicate  whether  you  agree  with  the  following  definitions  of  Functional  Capacity 
Evaluation: 
• Performance based evaluation about an individuals’ capacity for work, thereby enabling 
appropriate decision-making with respect to future management of the injured worker. 
• Batteries of tests to measure the ability to perform work-related activities.
• Functional task to determine a worker’s sincerity of effort. 
• FCE  are  supposed  to  define  an  individual’s  functional  abilities  or  limitations  in  the 
context of safe productive work tasks. 
• What a person can and cannot do. 
• Proposed alternative definition of Functional Capacity Evaluation: NO / YES. If yes, 
please define: …
16.  Please indicate whether you agree with the following definition of Physical Capacity Evaluation:  
• A one time evaluation, using measures to determine the maximal performance of isolated 
physical attributes.
• Proposed alternative definition of Physical Capacity Evaluation: NO / YES. If yes, please 
define: …
17. Please indicate whether you agree with the following definition of Work performance:  
• The  process  of  functioning  over  a  period  of  time  in  the  presence  of  various 
environmental factors and stressors (e.g. heat, humidity, time pressure), and individual 
characteristics.
• Proposed alternative definition of Work performance: NO / YES. If yes, please define: 
18. Please indicate whether you agree with the following definition of Work ability:  
• A match of functioning and required environmental demands in the work situation.
• Proposed alternative definition of Work ability: NO / YES. If yes, please define: …
19. Please indicate whether you agree with the following definition of Work tolerance:  
• The observed and measured physical competencies to perform the physical demands of 
work  tasks.  Measured  as  the  ability  to  sustain  a  given  work  effort  at  a  prescribed 
frequency over a given period of time.
• Proposed alternative definition of Work tolerance: NO / YES. If yes, please define: …
20. Please indicate whether you agree with the following definitions of Safety: 
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury.
• Proposed alternative definition of Safety: NO / YES. If yes, please define: …
21. Please indicate whether you agree with the following definitions of Injury:  
• Damage  or  harm  done  to  or  suffered  by  a  person.  (Harm:  physical  injury  or  mental 
damage.) 
• A particular form of hurt, damage, or loss.  
• Proposed alternative definition of Injury: NO / YES. If yes, please define: …
22. Please indicate whether you agree with the following definitions of Malingering: 
• Pretending  illness  when  the  individual  has  a  clear  motive—usually  to  benefit 
economically or to avoid legal trouble. 
• Intentional  production  of  false  or  grossly  exaggerated  physical  or  psychological 
symptoms, motivated by external incentives such as avoiding military duty, avoiding 
work,  obtaining  financial  compensation,  evading  criminal  prosecution,  or  obtaining 
drugs." 
• Proposed alternative definition of Malingering: NO / YES. If yes, please define: …
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23. Please indicate whether you agree with the following definition of Inconsistency:
• Lacking agreement, as one thing with another or two or more things in relation to each 
other.
• Proposed alternative definition of Inconsistency: NO / YES. If yes, please define: … 
24. Please indicate whether you agree with the following definition of Aggravation: 
• Action that makes a problem, a disease, (or its symptoms) worse.
• Proposed alternative definition of Aggravation: NO / YES. If yes, please define: … 
25. Please indicate whether you agree with the following definition of Recovery: 
• Restoration or return to health from sickness. 
• Proposed alternative definition of Recovery: NO / YES. If yes, please define: … 
26. Physical Capacity Evaluations measure isolated physical attributes in the domain of Body functions 
and structures as classified in the ICF. 
27.  If  Functional  Capacity  Evaluations  measure  work-related  activities,  do  you  agree  with  the      
following statement? 
• Functional  Capacity  Evaluations  measure  work  related  activities  in  the  domain  of 
Activities as classified in the ICF. 
28. Work Performance Evaluations measure work related performance over a time in the presence of 
various external factors in the domain of Participation as classified in the ICF. 
29. FCEs are administered in the context of rehabilitation medicine, occupational medicine, vocational 
medicine, insurance and medico legal matters. 
• In your opinion, should the terms used in FCE be defined independently of the context in 
which the FCE is administered?  
30. Are there any questions or definitions in this questionnaire which have not been addressed and 
should, in your opinion, be added to the questionnaire for the 2
nd round? 
Round 2.  
1. FCE primarily focuses on activity level which include complex interactions between the domains 
body functions/structures, activities and participation.  (If needed read appendix) 
2. The  purpose  of  FCE  is  to  make  decisions  on  the  level  of  functioning  (acting  in  his/her 
environment). 
3. FCE is performance based measurement to determine what the person can do safely, not what 
he/she can’t do.
4. We  have  not  reached  consensus  on  a  definition  of  performance.  Can  you  concur  with  the 
definition of performance as given in the ICF? 
ICF  definition  of  Performance:  what  a  person  does  in  the  current  environment.  The  current 
environment can be understood as ‘involvement in a life situation’. (If needed: read appendix) 
5. If you concur with the ICF definition of performance, than the performance qualifier can only be 
used when measures take place in the environmental (e.g. work) context. 
6. FCE  is  designed  to  measure  in  a  standardized  or  uniform  environment  and  therefore  the 
performance qualifier is of no use in FCE.  
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7. We have not reached consensus on a definition of capacity. Can you concur with the definition of 
capacity as given in the ICF? 
ICF definition of Capacity: the highest probable level of functioning that a person may reach in a 
domain at a given moment in a standardized environment.  (If needed: read appendix)  
8. Do you agree with this statement? 
The capacity qualifier according to the ICF represents more than ‘the maximum anatomical limits 
of a person’, because mental functions and personal factors are also of influence in the capacity 
qualifier.  
9. Anatomical limits of a person are a part of the capacity qualifier. 
10. When capacity is evaluated in the FCE, one can compare this result with the functional demands 
of the job (environmental factors) and determine the level of performance. 
11. Ability is: 
• The  potential  to  function  and  modified  by  the  personal  factors  as  well  as  by 
environmental factors.
• potential to perform activities.
• Human capacities (which are modified by personal and environmental factors).
• An umbrella term for body functions, structures, activities and participation.
• The absenteeism of problems of the person which are caused by disease, trauma or other 
health condition.
• Full integration of individuals into society.
12. Evaluation: The name used depends on the purpose of the FCE. All can be used, depending on 
the purpose
13. Assessment is: 
• The  process  of  investigating  an  individual’s  ability  and  disability  with  respect  to 
expected levels of performance.  
• A ‘systematic approach including observation, reasoning and conclusion.
• Procedure to assemble the information measuring to answer the research question.
• A data-gathering strategy, analyses and reporting process that provide information that 
can be used to determine whether or not intended outcomes are being achieved.
14. Evaluation  uses  assessment  information  to  support  decisions  on  maintaining,  changing,  or 
discarding instructional or programmatic practices 
15. Assessment and evaluation are often used interchangeable; Evaluation has tended to come from 
North America and Assessment is used in Australia. The difference therefore is of geographic 
nature 
16. Screening is: 
• A review to see if further evaluation is needed. It is not a full evaluation itself.
• Procedure  to  rapidly  search  large  groups  on  the  presence  or  absence  of  pre-defined 
characteristics.
17. Functional Capacity Evaluation is:
• An evaluation designed to document and to describe a person’s current safe work ability 
from a physical ability and  motivational perspective with consideration given to any 
existing medical, impairment and/or pain syndromes
• An  evaluation  of  capacity  of  activities  that  is  used  to  make  recommendations  for 
participation  in  work  while  considering  the  person’s  body  functions  and  structures, 
environmental, personal factors and health status
• A detailed evaluation that objectively measures a person’s current level of functioning in 
terms of the demands of competitive employment.
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• An evaluation to determine the level of functioning of a client.
18. Physical capacity evaluation: To operationally define body functions and structures the qualifier 
capacity  cannot  be  used  and  therefore,  the  term  Physical  Capacity  Evaluation  is  a 
misnomer. 
19. Work Capacity Evaluation: The difference between a work capacity evaluation and functional 
capacity evaluation is not the setting but the content of the tasks. We can describe these in 
differences in work related tasks and in functional tasks (which are work related and not 
work related). 
20. Safety: 
• The condition of being protected against injury
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to symptoms or injury
• A situation that no impairment will occur.
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury.
21. Injury: Damage or harm done to or suffered by a person or thing. 
Round 3.  
1. The purpose of FCE is to determine the level of performance by comparing functional demands 
of the job with evaluated capacity of a person. 
2. Ability: 
The two definitions of Ability with the highest points from the Second Round are presented 
below. Please choose one definition that you think should be used for FCE. 
• • • • Ability is the potential to function and modified by the personal factors as well as by 
environmental factors.  
• • • • Ability is the potential to perform activities. 
3. Screening: 
The two definitions of Screening with the highest points as a result from the Second Round are 
presented below.  
• • • • Screening is a review to see if further evaluation is needed. It is not a full evaluation 
itself.  
• • • • Screening is a procedure to rapidly search large groups on the presence or absence of 
predefined characteristics.  
The experts were not exclusive about one definition and many divided their 10 points to both 
definitions. Perhaps both definitions may apply to different types of screening and are therefore 
both  correct.  Definition  a.,  however,  may  be  suitable  for  FCE  because  definition  b.  refers 
explicitly to screening of large groups. 
Do you agree with the authors that definition a. is a suitable definition for the use in FCE? 
4. Scientific literature uses different terms to define the action taken in FCE such as screening, 
assessment, analyses and evaluation. Do you agree with the following statement? 
Evaluation and assessment are the preferred terms to be used in FCE. One can use either one of 
them, depending on the purpose. 
5. Assessment: 
The two definitions of Assessment with the highest points from the Second Round are presented 
below. Please choose one definition that you think should be used for FCE. 
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7. We have not reached consensus on a definition of capacity. Can you concur with the definition of 
capacity as given in the ICF? 
ICF definition of Capacity: the highest probable level of functioning that a person may reach in a 
domain at a given moment in a standardized environment.  (If needed: read appendix)  
8. Do you agree with this statement? 
The capacity qualifier according to the ICF represents more than ‘the maximum anatomical limits 
of a person’, because mental functions and personal factors are also of influence in the capacity 
qualifier.  
9. Anatomical limits of a person are a part of the capacity qualifier. 
10. When capacity is evaluated in the FCE, one can compare this result with the functional demands 
of the job (environmental factors) and determine the level of performance. 
11. Ability is: 
• The  potential  to  function  and  modified  by  the  personal  factors  as  well  as  by 
environmental factors.
• potential to perform activities.
• Human capacities (which are modified by personal and environmental factors).
• An umbrella term for body functions, structures, activities and participation.
• The absenteeism of problems of the person which are caused by disease, trauma or other 
health condition.
• Full integration of individuals into society.
12. Evaluation: The name used depends on the purpose of the FCE. All can be used, depending on 
the purpose
13. Assessment is: 
• The  process  of  investigating  an  individual’s  ability  and  disability  with  respect  to 
expected levels of performance.  
• A ‘systematic approach including observation, reasoning and conclusion.
• Procedure to assemble the information measuring to answer the research question.
• A data-gathering strategy, analyses and reporting process that provide information that 
can be used to determine whether or not intended outcomes are being achieved.
14. Evaluation  uses  assessment  information  to  support  decisions  on  maintaining,  changing,  or 
discarding instructional or programmatic practices 
15. Assessment and evaluation are often used interchangeable; Evaluation has tended to come from 
North America and Assessment is used in Australia. The difference therefore is of geographic 
nature 
16. Screening is: 
• A review to see if further evaluation is needed. It is not a full evaluation itself.
• Procedure  to  rapidly  search  large  groups  on  the  presence  or  absence  of  pre-defined 
characteristics.
17. Functional Capacity Evaluation is:
• An evaluation designed to document and to describe a person’s current safe work ability 
from a physical ability and  motivational perspective with consideration given to any 
existing medical, impairment and/or pain syndromes
• An  evaluation  of  capacity  of  activities  that  is  used  to  make  recommendations  for 
participation  in  work  while  considering  the  person’s  body  functions  and  structures, 
environmental, personal factors and health status
• A detailed evaluation that objectively measures a person’s current level of functioning in 
terms of the demands of competitive employment.
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• An evaluation to determine the level of functioning of a client.
18. Physical capacity evaluation: To operationally define body functions and structures the qualifier 
capacity  cannot  be  used  and  therefore,  the  term  Physical  Capacity  Evaluation  is  a 
misnomer. 
19. Work Capacity Evaluation: The difference between a work capacity evaluation and functional 
capacity evaluation is not the setting but the content of the tasks. We can describe these in 
differences in work related tasks and in functional tasks (which are work related and not 
work related). 
20. Safety: 
• The condition of being protected against injury
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to symptoms or injury
• A situation that no impairment will occur.
• A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury.
21. Injury: Damage or harm done to or suffered by a person or thing. 
Round 3.  
1. The purpose of FCE is to determine the level of performance by comparing functional demands 
of the job with evaluated capacity of a person. 
2. Ability: 
The two definitions of Ability with the highest points from the Second Round are presented 
below. Please choose one definition that you think should be used for FCE. 
• • • • Ability is the potential to function and modified by the personal factors as well as by 
environmental factors.  
• • • • Ability is the potential to perform activities. 
3. Screening: 
The two definitions of Screening with the highest points as a result from the Second Round are 
presented below.  
• • • • Screening is a review to see if further evaluation is needed. It is not a full evaluation 
itself.  
• • • • Screening is a procedure to rapidly search large groups on the presence or absence of 
predefined characteristics.  
The experts were not exclusive about one definition and many divided their 10 points to both 
definitions. Perhaps both definitions may apply to different types of screening and are therefore 
both  correct.  Definition  a.,  however,  may  be  suitable  for  FCE  because  definition  b.  refers 
explicitly to screening of large groups. 
Do you agree with the authors that definition a. is a suitable definition for the use in FCE? 
4. Scientific literature uses different terms to define the action taken in FCE such as screening, 
assessment, analyses and evaluation. Do you agree with the following statement? 
Evaluation and assessment are the preferred terms to be used in FCE. One can use either one of 
them, depending on the purpose. 
5. Assessment: 
The two definitions of Assessment with the highest points from the Second Round are presented 
below. Please choose one definition that you think should be used for FCE. 
Towards Consensus in Operational Definitions in FCE: A Delphi Survey
25Chapter 2  
 26
• • • • Assessment  is  the  process  of  investigating  an  individual’s  ability  and  disability  with 
respect to expected levels of performance.  
• • • • Assessment is a systematic approach including observation, reasoning and conclusion.  
6. Functional Capacity Evaluation: 
The two definitions of Functional Capacity Evaluation with the highest points from the Second 
Round are presented below. Please choose one definition that you think should be used for FCE. 
• • • • A Functional Capacity Evaluation is an evaluation designed to document and to describe 
a person’s current safe work ability from a physical ability and motivational perspective 
with consideration given to any existing medical, impairment and/or pain syndromes.  
• • • • A Functional Capacity Evaluation is an evaluation of capacity of activities that is used to 
make recommendations for participation in work while considering the person’s body 
functions and structures, environmental factors, personal factors and health status.  
7. Physical Capacity Evaluation: 
You have not reached consensus on a definition of Physical Capacity Evaluation. Do you agree 
with this statement?  
Physical Capacity Evaluation is misplaced because the term Physical refers to body functions and 
structures. 
  
8. Work Capacity Evaluation: 
The difference between a Work Capacity Evaluation and Functional Capacity Evaluation is not 
the setting but the content of the tasks. We can describe these in differences in work related tasks 
and in functional tasks. 
9. Safety: 
The  two  definitions  of  Safety  with  the  highest  points  from  the  Second  Round  are  presented 
below. Please choose one definition that you think should be used for FCE. 
• • • • A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to symptoms or injury.  
• • • • A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury. 
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• • • • Assessment  is  the  process  of  investigating  an  individual’s  ability  and  disability  with 
respect to expected levels of performance.  
• • • • Assessment is a systematic approach including observation, reasoning and conclusion.  
6. Functional Capacity Evaluation: 
The two definitions of Functional Capacity Evaluation with the highest points from the Second 
Round are presented below. Please choose one definition that you think should be used for FCE. 
• • • • A Functional Capacity Evaluation is an evaluation designed to document and to describe 
a person’s current safe work ability from a physical ability and motivational perspective 
with consideration given to any existing medical, impairment and/or pain syndromes.  
• • • • A Functional Capacity Evaluation is an evaluation of capacity of activities that is used to 
make recommendations for participation in work while considering the person’s body 
functions and structures, environmental factors, personal factors and health status.  
7. Physical Capacity Evaluation: 
You have not reached consensus on a definition of Physical Capacity Evaluation. Do you agree 
with this statement?  
Physical Capacity Evaluation is misplaced because the term Physical refers to body functions and 
structures. 
  
8. Work Capacity Evaluation: 
The difference between a Work Capacity Evaluation and Functional Capacity Evaluation is not 
the setting but the content of the tasks. We can describe these in differences in work related tasks 
and in functional tasks. 
9. Safety: 
The  two  definitions  of  Safety  with  the  highest  points  from  the  Second  Round  are  presented 
below. Please choose one definition that you think should be used for FCE. 
• • • • A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to symptoms or injury.  
• • • • A situation that, given the known characteristics of the person, the procedure should not 
be expected to lead to injury. 
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Abstract
A reported reduction in work-related functional capacity in Work-related Upper 
Limb  Disorders  (WRULD)  patients  is  among  the  most  common  problems  in 
WRULD.  The  extent  to  which  this  reduction  in  functional  capacity  can  be 
objectified remains unknown. A validated instrument to test functional capacity in 
this  patient  group  is  unavailable.  The  objective  of  this  study  was  to  design  a 
Functional Capacity Evaluation (FCE) for WRULD patients working with Visual 
Display  Units  (VDU)  and  provide  evidence  for  content  validity.  A  review  to 
epidemiological  literature  was  conducted  to  identify  physical  risk  factors  for 
VDU-related WRULD. The results indicate that physical risk factors were related 
to  repetition,  duration,  working  in  awkward  and  static  positions  and  forceful 
movements of the upper extremity and neck. An FCE was designed based on the 
risk  factors  identified.  Eight  tests  were  selected  to  cover  all  risk  factors:  the 
overhead  lift,  overhead  work,  repetitive  reaching,  handgrip  strength,  finger 
strength,  wrist  extension  strength,  fingertip  dexterity,  and  a  hand  and  forearm 
dexterity  test.  Content  validity  of  this  FCE  was  established  by  providing  the 
rationale,  specific  objectives  and  operational  definitions  of  the  FCE.  Further 
research  is  needed  to  establish  reliability  and  other  aspects  of  validity  of  the 
WRULD FCE. 
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Introduction 
Work-related  Upper  Limb  Disorders  (WRULD)  among  Visual  Display  Unit 
(VDU) employees have become a major problem in the industrialized world, both 
socially and scientifically. VDU work is characterized by seated computer-related 
work with the arms in prolonged static posture, often in a stressful environment. 
Office work in general, has been proposed as a source of WRULD. A significant 
percentage  of  office  workers  experience  discomfort  at  work  and  specifically, 
computer-related upper extremity disorders accounted for 11–17% of all Liberty 
Mutual WRULD claims in 1993 in the United States [1]. WRULD is an umbrella 
term  for  several  medical  syndromes  that  develop  as  a  result  of  repetitive 
movements,  awkward  postures,  and  force  [2].  Terms  as  cumulative  trauma 
disorders, occupational cervicobrachial disorders, repetitive strain injury, or upper 
extremity  musculoskeletal  disorders  are  used world  wide  to describe  the  same 
syndrome. It is estimated that 80% of all WRULD is non-specific [3,4]. Non-
specific WRULD is characterized by an absence of a clear injury. 
In  WRULD,  symptoms  such  as  a  reduced  strength,  coordination,  postural 
tolerance or sensibility in the neck, shoulder, elbow, wrist, or hand can be present 
[5]. A reduced functional capacity is assumed. There is, however, a paucity of 
validated tests for measuring functional capacity. Functional capacity is defined as 
the difficulty of a person to perform activities [6]. Most research about functional 
capacity  or  disability  on  WRULD  patients  is  performed  with  questionnaires. 
Hansson et al. [7] compared direct technical measurements with a questionnaire at 
a group of office workers. It was concluded that the WRULD group rated their 
exposure to movements higher than those without complaints but with the same 
measured mechanical exposure. Validity of the questionnaire was low, concluding 
that  questionnaires  and  direct  measurements  measure  different  constructs. 
Functional  Capacity  Evaluations  (FCEs)  are  used  to  measure  work-related 
functional capacity and they are commonly used in work rehabilitation programs, 
for disability detection and return to work recommendations. No FCEs, however, 
have published evidence of reliability and validity specific to WRULD patients.  
The objective of this study was to develop an FCE, which is content valid for 
determining  functional  capacity  in  WRULD  patients.  To  determine  content 
validity it is necessary to establish the rationale for the test, to provide operational 
definitions  of  the  test  variables  and  identify  the  specific  objectives  of  the 
instrument [8]. A review of the literature was conducted to define the rationale of 
the  test.  Epidemiological  literature  on  WRULD  was  examined  to  evaluate  the 
strength  of  the  evidence  with  respect  to  causal  relations  of  VDU  work  and 
WRULD. VDU work in this study is work, related to data entry tasks (e.g. type 
tasks,  numeric  key  rating  tasks),  mouse  tasks  or  work  with  a  visual  display 
terminal, a visual display unit or computer aided design. Identified physical risk 
factors will be the basis for a WRULD specific FCE and functional tests will be 
selected which cover the included risk factors. Besides physical risk factors, non-
physical factors such as cultural and societal factors, psychological and personality 
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traits, health beliefs, environmental and social circumstances at work and at home, 
coping  resources,  mood,  and  psychopathology  are  potentially  important  in  the 
development of WRULD [9]. Non-physical risk factors such as job stress, pain 
[1], workstyle or ergonomic stressors [10] are proven to play an individual role in 
the onset of WRULD. However, the focus of this study was to identify physical 
risk factors only, because a cause-response and a dose-response relation between 
psychosocial risk factors and a reduced work-related physical capacity is often 
difficult to measure in an objective and valid performance-based way. Physical 
risk factors are those physical features of work that are frequently cited as risk 
factors  for  WRULD  including  rapid  work  pace  and  stereotyped  repetition  of 
motion  patterns,  insufficient  recovery  time,  forceful  manual  exertions, 
anatomically non-neutral body postures and mechanical stress concentrations [11]. 
Methods 
Literature Review 
A  search  of  physical  risk  factors  for  WRULD  was  collected  by  searches  in 
Medline, Embase, and the Cochrane Library up to 2003. Keywords used were 
repetitive  strain  injury  (and  RSI),  visual  display  units  (and  VDU),  cumulative 
trauma  disorders  (and  CTD),  musculoskeletal  disorders  (and  MSD),  upper 
extremity musculoskeletal disorders (and UEMSD), occupational cervicobrachial 
disorders and work-related upper limb disorders (and WRULD). Relevant studies 
in reference lists were also included. The criterion for selection of studies was: a 
study found a causal relationship between physical risk factors and VDU-related 
WRULD.  Studies  were  excluded  when  the  study  did  not  meet  the  specific 
condition  of  the  inclusion  criterion  or  when  they  were  reports  or  abstracts. 
Relevant identified studies that were already included in systematic reviews were 
not included to avoid bias. After identifying relevant physical risk factors, the 
different risk factors were categorized in the main anatomical regions of the upper 
extremity for classification. These regions are the hand and wrist (A), the forearm 
and elbow (B), the upper arm and shoulder (C), and the neck (D). 
Test Design 
An  FCE  was  designed  which  covers  the  physical  risk  factors  as  they  were 
categorized in the different regions of the upper extremity. The evidence of causal 
relationships of risk factors for WRULD depends on factors such as study design 
and the methodology used in the study. In this study, a test-item was included in 
the FCE when one systematic review or three nonsystematic reviews, case control, 
cross-sectional, prospective or retrospective cohort studies conclude a variable to 
be  a  risk  factor  for  WRULD.  When  all  risk  factors  of  different  regions  are 
included, different functional tests will cover the risk factors for each anatomical 
region. 
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Test Selection 
Tests  were  included  in  the  FCE  when  they  could  cover  one  or  more  of  the 
included risk factors. Preferably, test items, which could measure on a functional 
level, were selected. Test selection was based on the guidelines as presented by 
Hart et al., 1993 [12]. The issues, presented in hierarchical order, are:  
1. Safety:  given  the  known  characteristics  of  the  evaluee,  the  procedure 
should not be expected to lead to injury,  
2. Reliability:  the  test  score  should  be  dependable  across  evaluators, 
evaluees, and the date or time of test administration,  
3. Validity: the interpretation of the test score should be able to predict or 
reflect the evaluee’s performance in the target work setting,  
4. Practicality:  the  cost  of  the  test  procedure  should  be  reasonable  and 
customary,  
5. Utility: the usefulness of the procedure is the degree to which it meets the 
needs of the evaluee, referrer, and payer. 
Results 
Literature Review 
Based  on  inclusion  criteria,  16  studies  were  included  [11,13–27].  Four  were 
reviews,  seven  were  case  control  studies,  one  was  cross-sectional,  three  were 
prospective cohort studies and there was one retrospective cohort. Results of the 
literature search are described in Table I. The risk factors for each region were 
classified  in numbers  1–5. These  are  (1)  duration,  (2) repetition,  (3)  awkward 
positions, (4) forceful movements, and (5) static contractions. The following risk 
factors were found for the different regions: 
A. Hand and Wrist. Hand and wrist symptoms are frequently described to be 
related to duration of exposure in hours per day or in total years working 
with a VDU (1), repeated movements (2), working in awkward positions 
(3)  and  forceful  movements  (4).  There  were  prospective  studies,  case 
control studies and reviews which show sufficient evidence for a cause-
response  relationship  between  these  risk  factors  and  hand  and  wrist 
symptoms. Risk factors of the regions, which were included in the FCE, 
were A1, A2, A3, and A4. 
B. Forearm and Elbow. Duration (1), repetitive movements (2), working in 
awkward positions (3) and forceful movements (4) were described as risk 
factors for WRULD. Risk factors included in the FCE were B1, B2, B3, 
and B4. 
C. Upper Arm and Shoulders. Static muscle contractions (5) and working in 
awkward positions (3) for a prolonged time (1) were concluded to be 
associated with WRULD in shoulder and upper arm symptoms. The FCE 
will cover the regions C1, C3, and C5. 
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D. Neck. Symptoms may occur when awkward positions (3) are adapted for 
a long time (1) (e.g., neck flexion or rotation). Region D1 and D3 will be 
included in the FCE. 
Test Design 
An FCE was designed to cover the included risk factors per anatomical region. 
Table 2 lists the different tests and the risk factors they cover. These tests were 
selected because: 1. there are no reports of unsafety, 2. the reliability of most of 
the tests has been established in previous studies [28–35]. Tests were modified 
when they proved to be unreliable in previous studies, 3. costs were low and tests 
were easily available, 4. test procedures were easy to learn and administer. The 
tests  which  were  included  were:  the  overhead  lift  test,  overhead  worktest, 
repetitive reaching test, hand and finger grip strength test, wrist extension strength 
test, the Purdue Pegboard task, and the Complete Minnesota Dexterity test. The 
operational definitions (procedures) and the specific objectives (objectives) of the 
different tests, needed to determine content validity [8] are described next. 
Overhead Lift Test 
Objective:  Functional  strength  of  shoulder  and  arm  musculature.  Materials: 
Plastic receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable 
shelves and weights of 1.0, 2.0, and 4.0 kg. Procedure: Five lifts from table to 
crown height v.v. within 90 s in standing position. Four to five weight increments 
were  used  until  maximum  amount  of  kg  was  reached.  Test–retest  reliability: 
Intraclass Correlation Coefficient (ICC) in low back pain (LBP) patients was 0.87 
[32], and 0.89 in healthy subjects [35]. The risk factors of the regions that were 
covered by this test were A4 and B4. 
Overhead Worktest 
Objective:  Static  holding  time  of  shoulder  and  neck  musculature.  Materials: 
Aluminum plate adjustable in height with 20 holes, bolts and nuts and two cuff 
weights  of  1.0  kg  each.  Procedure:  Standing  with  hands  at  crown  height, 
manipulating nuts and bolts wearing cuff weights around the wrists. The time that 
position is held will be measured (s). Test–retest reliability without cuff weights: 
ICC = 0.36 in LBP patients [34]. ICC = 0.58 in healthy subjects [35]. The risk 
factors of the regions, which were covered by this test were A1, A2, A3, B1, C1, 
C3, C5, D1, and D3. 
Repetitive Reaching Test 
Objective:  Fast  repetitive  movements  of  the  upper  extremity.  Materials:  30 
marbles  and  two  bowls  with  a  14-cm  diameter  positioned  at  table  height. 
Procedure: Sitting with bowls on wing span, remove marbles horizontally at table 
height from left to right v.v. with left/right arm as fast as possible. Time needed to 
remove 30 marbles is scored (s). Test–retest reliability: ICC = 0.45–0.64 in LBP  
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34 
D. Neck. Symptoms may occur when awkward positions (3) are adapted for 
a long time (1) (e.g., neck flexion or rotation). Region D1 and D3 will be 
included in the FCE. 
Test Design 
An FCE was designed to cover the included risk factors per anatomical region. 
Table 2 lists the different tests and the risk factors they cover. These tests were 
selected because: 1. there are no reports of unsafety, 2. the reliability of most of 
the tests has been established in previous studies [28–35]. Tests were modified 
when they proved to be unreliable in previous studies, 3. costs were low and tests 
were easily available, 4. test procedures were easy to learn and administer. The 
tests  which  were  included  were:  the  overhead  lift  test,  overhead  worktest, 
repetitive reaching test, hand and finger grip strength test, wrist extension strength 
test, the Purdue Pegboard task, and the Complete Minnesota Dexterity test. The 
operational definitions (procedures) and the specific objectives (objectives) of the 
different tests, needed to determine content validity [8] are described next. 
Overhead Lift Test 
Objective:  Functional  strength  of  shoulder  and  arm  musculature.  Materials: 
Plastic receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable 
shelves and weights of 1.0, 2.0, and 4.0 kg. Procedure: Five lifts from table to 
crown height v.v. within 90 s in standing position. Four to five weight increments 
were  used  until  maximum  amount  of  kg  was  reached.  Test–retest  reliability: 
Intraclass Correlation Coefficient (ICC) in low back pain (LBP) patients was 0.87 
[32], and 0.89 in healthy subjects [35]. The risk factors of the regions that were 
covered by this test were A4 and B4. 
Overhead Worktest 
Objective:  Static  holding  time  of  shoulder  and  neck  musculature.  Materials: 
Aluminum plate adjustable in height with 20 holes, bolts and nuts and two cuff 
weights  of  1.0  kg  each.  Procedure:  Standing  with  hands  at  crown  height, 
manipulating nuts and bolts wearing cuff weights around the wrists. The time that 
position is held will be measured (s). Test–retest reliability without cuff weights: 
ICC = 0.36 in LBP patients [34]. ICC = 0.58 in healthy subjects [35]. The risk 
factors of the regions, which were covered by this test were A1, A2, A3, B1, C1, 
C3, C5, D1, and D3. 
Repetitive Reaching Test 
Objective:  Fast  repetitive  movements  of  the  upper  extremity.  Materials:  30 
marbles  and  two  bowls  with  a  14-cm  diameter  positioned  at  table  height. 
Procedure: Sitting with bowls on wing span, remove marbles horizontally at table 
height from left to right v.v. with left/right arm as fast as possible. Time needed to 
remove 30 marbles is scored (s). Test–retest reliability: ICC = 0.45–0.64 in LBP  
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  37
patients [34]. ICC = 0.54–0.72 in healthy subjects [35]. The risk factors of the 
regions that were covered by this test were A2, B2.
Handgrip Strength Test 
Objective: Isometric grip strength. Materials: A hand dynamometer (Jamar PC 
5030, Preston Corporation, 1994). Procedure: In a seated position, the subjects 
held their shoulder adducted and neutrally rotated, elbow flexed at approximately 
90º and the forearm and wrist in neutral position [36]. Grip strength of the right 
and left arm was measured in a three trial procedure in five different handgrip 
positions.  Average  amount  of  kgF  was  scored.  ICC  >  0.93  [13].  The  test  is 
sufficient reliable for clinical testing [31]. The risk factors of the regions, which 
were covered by this test were A4 and B4. 
Finger Strength Test 
Objective: Isometric tip, key and palmar pinch strength. Materials: A pinch-grip 
dynamometer (Preston Pinch Gauge; J.A. Preston Corporation). Procedure: In a 
seated position, the subjects held their shoulder adducted and neutrally rotated, 
elbow flexed at approximately 90º, the forearm horizontally pronated and wrist in 
neutral position [36]. Strength of right and left fingers was measured in a three 
trial  procedure.  Average  amount  of  weight  was  scored.  The  test  is  sufficient 
reliable for clinical testing [31]. Forceful movements of the hand and wrist (A4) 
were covered by this test. 
Wrist Extension Strength Test 
Objective: Isometric wrist extension strength. Materials: A dynamometer (type 
Chatillon, CSD 200) and a self designed apparatus to fix the dynamometer in a 
vertical position above the wrist. Procedure: Wrist was fixed with the forearm 
horizontally pronated and wrist in neutral position. The dynamometer measured 
wrist strength perpendicular and directly proximal to the third caput metacarpale. 
Average amount of weight was scored over three trials. Reliability is unknown. 
Forceful movements of the wrist (A4) and forearm (B4) were covered by this test. 
Fingertip Dexterity Test 
Objective:  Fingertip  dexterity.  Materials:  Purdue  Pegboard  (Model  #32020, 
Lafayette IN). Procedure: Sitting subject in front of the pegboard, placing pins 
with left and right hand as fast as possible in a 30 s trial. Average number of pins 
placed in 30 s over three trials in both hands was scored. Test–retest reliability in 
three trial score ranged from ICC = 0.82–0.91 [30]. This test covered repetitive 
movements of the hand and wrist (A2) and of the forearm (B2). 
Hand and Forearm Dexterity Test 
Objective: Gross movement coordination of fingers, hands and arms. Materials: A 
Complete Minnesota Dexterity Test (Lafayette, IN).  Procedure: Sitting subject 
displacing 59 blocks in a predetermined way as fast as possible. Total displacing 
time  needed  to  perform  four  trials  with  both  hands  was  scored.  Four  trial 
reliability ranged from 0.93 to 0.98 [29]. ICC = 0.79–0.87 [33]. This test covered T
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b
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e
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patients [34]. ICC = 0.54–0.72 in healthy subjects [35]. The risk factors of the 
regions that were covered by this test were A2, B2.
Handgrip Strength Test 
Objective: Isometric grip strength. Materials: A hand dynamometer (Jamar PC 
5030, Preston Corporation, 1994). Procedure: In a seated position, the subjects 
held their shoulder adducted and neutrally rotated, elbow flexed at approximately 
90º and the forearm and wrist in neutral position [36]. Grip strength of the right 
and left arm was measured in a three trial procedure in five different handgrip 
positions.  Average  amount  of  kgF  was  scored.  ICC  >  0.93  [13].  The  test  is 
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Wrist Extension Strength Test 
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Fingertip Dexterity Test 
Objective:  Fingertip  dexterity.  Materials:  Purdue  Pegboard  (Model  #32020, 
Lafayette IN). Procedure: Sitting subject in front of the pegboard, placing pins 
with left and right hand as fast as possible in a 30 s trial. Average number of pins 
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repetitive movements of the hand and wrist (A2), repetitive movements of the 
forearm and elbow (B2) and working in awkward positions with the forearm (B3). 
Discussion 
The objective of this study was to design an FCE, which was content valid for 
measuring  the  functional  capacity  of  patients  with  WRULD,  specifically  for 
WRULD  related  to  VDU  work.  A  literature  search  was  conducted  to  reveal 
underlying mechanisms, which independently or in combination with each other 
can be a risk factor for WRULD. The authors are aware that besides physical 
factors, non-physical factors are important contributors to the WRULD problem. 
To closely meet the demands of functional capacity measurement and to identify 
dose-response  relationships  the  focus  was  to  identify  physical  risk  factors  for 
VDU-related WRULD.  
The selection of the literature resulted in sixteen relevant studies. These studies 
were included and filled the content of the FCE. A limitation of the review is that 
there  was  no  systematic  grading  of  the  quality  in  selection  of  studies. 
Consequently, an even amount of importance was given to all selected studies, 
whether it was a review, a case control, a prospective cohort or cross-sectional 
study design and whether it was of good or bad methodological quality. Bias may 
have  occurred  because  the  results  from  low  quality  studies  could  have  been 
overestimated, and results of high-quality studies may have been underestimated. 
To obviate this problem partially, physical risk factors were only included when 
three studies found the same risk factor for WRULD. An exception was made for 
systematic reviews. When they were of good quality, a risk factor was included. 
Another methodological weakness is that cross-sectional designs do not identify 
causal relationships. Studies could have been selected in which a cause response 
relationship was assumed, but not proven. The purpose of this study, however, 
was not to make a perfect review but to identify physical risk factors as a basis for 
an FCE for WRULD patients.  
The four anatomical regions, in which the risk factors in this study were classified, 
are not strictly separate regions. That means that the risk factors were not solely a 
risk factor for that specific region, because usually it concerns an interaction of the 
different regions. The same problem is present for the different risk factors. Risk 
factors are always in interaction with each other. For example, repetitiveness will 
always be in interaction with duration and duration will always be a combination 
of duration on a day (e.g. >4 h/day) and total time on the job (e.g., 2 years). 
Furthermore, there were studies that identified relevant risk factors for WRULD in 
VDU  work,  but  did  not  specify  the  location  of  the  complaints,  often  just  by 
naming it a “musculoskeletal disorder.” The physical risk factors of the upper 
extremity  however  were  split  up  in  regions  A–D.  This  was  done  to  test  the 
different  physical  risk  factors  per  anatomical  region,  to  create  a  test  which 
included all variables and to simplify and order the different risk factors as they 
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were found. The FCE is equal for men and women. Whenever a risk factor was 
found to be present in one of the genders, the risk factor was included to ensure 
that all factors were included.  
Functional  Capacity  Evaluations  aim  to  measure  a  person’s  work-related 
functional capacity. In scientific literature however, WRULD is usually defined by 
its multidimensional nature, implying that WRULD will always be expressed by a 
combination of physical and non-physical factors [4]. Non-physical risk factors 
such as job stress, pain [1], workstyle [9] or ergonomic stressors are proven to 
play an individual role in the onset of musculoskeletal disorders [10]. In spite of 
the evidence for those factors, which are assumed to play a significant role in the 
development of WRULD, the objective of this study was to research physical risk 
factors only. However, for clinical use, it is recommended that this WRULD FCE 
be used in conjunction to a medical and psychosocial evaluation.  
Eight tests were chosen to cover all risk factors. Nevertheless, functional tests 
meeting the criteria as used by Hart et al. [12] were scarce. Therefore some tests 
were  included  that  more  closely  measured  impairments  than  functions  (wrist 
extension strength). Although measuring on impairment level has been done with 
highly standardized procedures, the shift to functional capacity was sometimes 
more indirect. The tests that did measure on a functional level, cover multiple risk 
factors at the same time (e.g., overhead worktest). Previous reliability studies with 
the  overhead  lift  however  showed  low  ICCs  [34,35].  Previously,  it  has  been 
suggested that this test had a strong psychological component and the presence of 
a ceiling often limited subjects to perform maximally. The overhead test as is used 
in this study is adjusted. Patients were asked to wear two cuff-weights of 1.0 kg 
each around both wrists to make the test more physical of nature and remove the 
ceiling. 
Content Validity of the FCE 
Content validity is that kind of validity, which measures the degree to which test 
items represent the performance domain the test is intended to measure [8]. In this 
study, the FCE was designed based on the knowledge of present understanding 
concerning non-specific VDU-related WRULD. Despite of the fact that content 
validity is usually gathered by an expert panel [8], a literature search was preferred 
over an expert panel to determine physical risk factors for WRULD. This was 
done  because  only  scientific  and  objective  based  information  was  gathered. 
Content  validity  is  established  by  providing  operational  definitions  of  the  test 
variables, identification of the objective and establishment of the rationale for the 
test [8]. Usually, content validity of FCEs is based on the physical demands of the 
Dictionary  of  Occupational  Titles  (DOT).  Even  though  the  DOT  taxonomy  is 
widely used, it has not been validated for physical capacity measurement of the 
upper extremity and specifically for WRULD patients. Post hoc comparison of the 
content of the FCE and the DOT, showed that the risk factors for WRULD in 
VDU-related tasks, as they were identified in this  study, matches the physical 
demands needed for work as described in the DOT, on the factors lifting, reaching, 
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repetitive movements of the hand and wrist (A2), repetitive movements of the 
forearm and elbow (B2) and working in awkward positions with the forearm (B3). 
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Consequently, an even amount of importance was given to all selected studies, 
whether it was a review, a case control, a prospective cohort or cross-sectional 
study design and whether it was of good or bad methodological quality. Bias may 
have  occurred  because  the  results  from  low  quality  studies  could  have  been 
overestimated, and results of high-quality studies may have been underestimated. 
To obviate this problem partially, physical risk factors were only included when 
three studies found the same risk factor for WRULD. An exception was made for 
systematic reviews. When they were of good quality, a risk factor was included. 
Another methodological weakness is that cross-sectional designs do not identify 
causal relationships. Studies could have been selected in which a cause response 
relationship was assumed, but not proven. The purpose of this study, however, 
was not to make a perfect review but to identify physical risk factors as a basis for 
an FCE for WRULD patients.  
The four anatomical regions, in which the risk factors in this study were classified, 
are not strictly separate regions. That means that the risk factors were not solely a 
risk factor for that specific region, because usually it concerns an interaction of the 
different regions. The same problem is present for the different risk factors. Risk 
factors are always in interaction with each other. For example, repetitiveness will 
always be in interaction with duration and duration will always be a combination 
of duration on a day (e.g. >4 h/day) and total time on the job (e.g., 2 years). 
Furthermore, there were studies that identified relevant risk factors for WRULD in 
VDU  work,  but  did  not  specify  the  location  of  the  complaints,  often  just  by 
naming it a “musculoskeletal disorder.” The physical risk factors of the upper 
extremity  however  were  split  up  in  regions  A–D.  This  was  done  to  test  the 
different  physical  risk  factors  per  anatomical  region,  to  create  a  test  which 
included all variables and to simplify and order the different risk factors as they 
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were found. The FCE is equal for men and women. Whenever a risk factor was 
found to be present in one of the genders, the risk factor was included to ensure 
that all factors were included.  
Functional  Capacity  Evaluations  aim  to  measure  a  person’s  work-related 
functional capacity. In scientific literature however, WRULD is usually defined by 
its multidimensional nature, implying that WRULD will always be expressed by a 
combination of physical and non-physical factors [4]. Non-physical risk factors 
such as job stress, pain [1], workstyle [9] or ergonomic stressors are proven to 
play an individual role in the onset of musculoskeletal disorders [10]. In spite of 
the evidence for those factors, which are assumed to play a significant role in the 
development of WRULD, the objective of this study was to research physical risk 
factors only. However, for clinical use, it is recommended that this WRULD FCE 
be used in conjunction to a medical and psychosocial evaluation.  
Eight tests were chosen to cover all risk factors. Nevertheless, functional tests 
meeting the criteria as used by Hart et al. [12] were scarce. Therefore some tests 
were  included  that  more  closely  measured  impairments  than  functions  (wrist 
extension strength). Although measuring on impairment level has been done with 
highly standardized procedures, the shift to functional capacity was sometimes 
more indirect. The tests that did measure on a functional level, cover multiple risk 
factors at the same time (e.g., overhead worktest). Previous reliability studies with 
the  overhead  lift  however  showed  low  ICCs  [34,35].  Previously,  it  has  been 
suggested that this test had a strong psychological component and the presence of 
a ceiling often limited subjects to perform maximally. The overhead test as is used 
in this study is adjusted. Patients were asked to wear two cuff-weights of 1.0 kg 
each around both wrists to make the test more physical of nature and remove the 
ceiling. 
Content Validity of the FCE 
Content validity is that kind of validity, which measures the degree to which test 
items represent the performance domain the test is intended to measure [8]. In this 
study, the FCE was designed based on the knowledge of present understanding 
concerning non-specific VDU-related WRULD. Despite of the fact that content 
validity is usually gathered by an expert panel [8], a literature search was preferred 
over an expert panel to determine physical risk factors for WRULD. This was 
done  because  only  scientific  and  objective  based  information  was  gathered. 
Content  validity  is  established  by  providing  operational  definitions  of  the  test 
variables, identification of the objective and establishment of the rationale for the 
test [8]. Usually, content validity of FCEs is based on the physical demands of the 
Dictionary  of  Occupational  Titles  (DOT).  Even  though  the  DOT  taxonomy  is 
widely used, it has not been validated for physical capacity measurement of the 
upper extremity and specifically for WRULD patients. Post hoc comparison of the 
content of the FCE and the DOT, showed that the risk factors for WRULD in 
VDU-related tasks, as they were identified in this  study, matches the physical 
demands needed for work as described in the DOT, on the factors lifting, reaching, 
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handling, fingering and feeling [37]. Although the majority of the tests are also 
described in the DOT as a physical demand, the DOT does not mention the factor 
of duration as it was identified in this study.  
External validity is often an argued point in FCEs. For example, the time needed 
to complete an FCE is usually several hours, where WRULD is usually described 
to  be  an  overuse  syndrome,  developing  as  a  result  of  long  periods  of  minor 
overuse  (Cinderella  hypothesis).  This  theory  proposes  that  the  development  of 
chronic muscular pain is due to an overuse of fibers belonging to low-threshold 
motor units. Although several studies have supported this theory, it is debatable 
whether sustained activation of low-threshold motor units can explain the genesis 
of pain [38] or a reported decrease in functional capacity. A possible manner to 
take this factor of duration into account is with work samples. In these evaluations, 
a patient is expected to work for days in an artificial environment to be examined 
for his/her workability. However, it has not been proven that work samples have 
greater external validity than an FCE. Ecological validity has been tested on three 
static endurance tests of the Isernhagen FCE and was found to be sufficient [39]. 
When a controlled situation is created, as it is with these standardized tests in this 
FCE, internal validity tends to be higher. This will however always come along 
with a decrease in external validity. Validation of this WRULD FCE has started 
with this study. The content validity is the basis of validity and is considered a 
prerequisite  for  criterion-related  and  construct  validity  [8].  Next  steps  in  test 
development of this WRULD FCE will be determining test–retest reliability and 
construct  and  criterion-related  validity.  Specifically,  the  ability  of  this  FCE  to 
determine aspects of return to work, work productivity, work absence, workability 
or work-related disability needs to be studied. 
Conclusion 
The literature review in this study revealed that there is sufficient evidence that 
physical risk factors may contribute in the development of VDU-related WRULD. 
These  physical  risk  factors  were  related  to  repetition,  duration,  forceful 
movements and working in awkward and static positions of the upper extremity. 
The FCE which is designed based on this review provides evidence for the content 
validity. A first step in validation of the WRULD FCE is made. Further research is 
needed to test reliability and other aspects of validity. 
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Abstract
The  aim  of  this  study  was  to  determine  test-retest  reliability  of  a  Functional 
Capacity  Evaluation  for  patients  with  non-specific  Work  Related  Upper  Limb 
Disorders  (WRULD  FCE).  The  study  sample  included  33  healthy  adults, 
consisting  of  14  males  and  19  females  with  a  mean  age  of  29.2  years.  The 
WRULD  FCE  consisted  of  8  different  tests  including  26  items  measuring 
repetitive  movements,  duration,  working  in  awkward  positions,  forceful 
movements  and  static  postures.  Two  FCE  sessions  were  held  with  a  10-day 
interval. Means, 95% confidence intervals, one-way random Intraclass Correlation 
Coefficients  (ICCs),  95%  limits  of  agreement  and  repeated  measures  were 
calculated. An ICC between 0.75 and 0.90 was considered as good and an ICC 
above 0.90 was considered as an excellent reliability. The results showed that 14 
of  26  items  (54%)  had  excellent  reliability,  9  of  26  items  (35%)  had  good 
reliability and 3 of 26 items (11%) had moderate reliability based on ICC values. 
Significant learning effects were present in the Purdue Pegboard Task and in the 
Complete  Minnesota  Dexterity  Test.  It  is  concluded  that  the  WRULD  FCE  is 
reliable in healthy adults. 
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Introduction 
Work disability in patients with Work Related Upper Limb Disorders (WRULD) 
due to Visual Display Unit (VDU) work is a major problem in the industrialized 
world. The existence of physical risk factors for WRULD due to VDU work has 
been reviewed in different studies [11,12,17]. General outcomes were risk factors 
related to repetition, duration, working in awkward positions, forceful movements 
and static muscle contractions. WRULD can lead to pain, numbness, stiffness, loss 
of  strength,  coordination  and  position  tolerance  of  the  upper  extremity  [4].  A 
reduced  physical  capacity  is  assumed.  However  the  assumption  of  a  reduced 
physical  capacity  is  commonly  based  on  questionnaires.  To  measure  physical 
capacity, reliable and validated tests are crucial. Therefore a Functional Capacity 
Evaluation  (WRULD  FCE)  was  designed  to  determine  functional  capacity  of 
WRULD patients [12]. Content validity of the WRULD  FCE was based on a 
literature search to the relationship of physical risk factors and the development of 
WRULD due to VDU work [12]. The next step in test development concerns 
reliability of the WRULD FCE. The aim of this study was to test the WRULD 
FCE on test-retest reliability in healthy adults.  
Methods 
Participants 
A convenience sample of 33 healthy adults voluntarily participated in this study. 
Participants were included after providing informed consent and stating that they 
were healthy. The study sample consisted of 14 men and 19 women. Descriptives 
of participants are presented in Table 1. 
Table 1. Characteristics of participants 
Gender (n, %)  Male
(14, 42%)
Female
(19, 58%)
Total group 
(33, 100%)
Age (years ± Sd)  32.4 ± 11.4 26.9 ±   8.1 29.2 ±   9.9
Length (cm ± Sd)  184.9 ±   5.2 172.7 ±   7.2 178.1 ±   8.8
Weight (kg ± Sd)  81.9 ±   9.1 67.3 ± 11.3 73.8 ± 12.6
Hand dominance (n, right; n, left)  14 R, 0 L 17 R, 2 L 31 R, 2L
Procedures 
Two FCE sessions were held with a 10-day interval to be sure that all participants 
had  recovered  from  the  first  FCE  session.  The  FCE  was  performed  in  three 
different locations. After an introduction of the FCE procedures, the participants 
were  briefly  instructed  on  how  to  perform  each  test.  The  evaluator  first 
demonstrated ach test. Testing could be terminated for three reasons: 1) it was 
explained that the participants were allowed to stop the test at any point if they 
wished to do so, for example because of insecurity, pain or achieving maximal 
capacity; 2) the evaluator terminated testing if it became unsafe; 3) time limit was 
reached. All tests were evaluated by a physiotherapist. Eight tests were performed, 
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including  26  items  in  total.  The  tests  are:  the  overhead  lift  test,  the  overhead 
worktest, repetitive reaching test, hand grip strength test, finger strength test, wrist 
extension  strength  test,  the  Purdue  Pegboard  Task  (PP)  and  the  Complete 
Minnesota  Dexterity  test  (CMDT)  [12].  In  Appendix  1,  the  materials,  the 
objectives and the procedures of the FCE are described. 
Data analyses 
All  tests  were  scored  on  an  interval  level.  The  scores  were  used  for  further 
analyses. Descriptives, oneway random Intraclass Correlation Coefficients (ICCs), 
95% confidence intervals (95% CI) and 95% limits of agreement were calculated 
[1]. ICCs are interpreted as follows: ICC  0.90 is excellent and sufficient for 
clinical testing; good when ICC is between 0.75 and 0.90 and poor to moderate 
when ICC  0.75 [5]. 95% Limits of agreement were calculated as follows: mean 
difference ± 1.96 × standard deviation of mean difference [2]. Interpretation of the 
limits of agreement is a clinical, not a statistical decision [1,16]. To get a global 
impression of the width of the limits of agreement, a ratio between the limits of 
agreement and the mean score was calculated. ((1.96 × standard deviation of mean 
difference)/mean  session  1  and  2  ×  100%).  Paired  t-tests  were  calculated  to 
analyse if the results of the first test session differ from results of the second 
session.  Additionally,  ICCs  were  calculated  to  measure  test-retest  reliability 
among men and women and among the youngest 50
th percentile and the oldest 50
th
percentile of the participants separately. Learning effects in the PP and in the 
CMDT  and  a  possible  decline  in  hand  and  finger  strength  within  trials  were 
assumed. A repeated measures design was used for these analyses. All analyses 
were performed in SPSS. 
Results 
Of the 33 included participants, 2 could not perform the finger strength test and 1 
person  could  not  perform  the  overhead  lift.  The  results  of  means,  standard 
deviations, 95% confidence intervals, ICCs and limits of agreement are presented 
in  table  2.  ICC  values  ranged  from  0.73  to  0.97  for  all  tests.  Reliability 
coefficients for handgrip strength of the different positions ranged from 0.86 in 
position 1 to 0.97 in position 3. For finger strength testing, all ICCs show a good 
reliability (ICCs > 0.75). The key pinch shows excellent reliability. (ICC = 0.91 
right and 0.90 left). Of all 26 test items, three ICC-values did not reach the level of 
0.75. These are repetitive reaching right, the PP right and the CMDT left. Of the 
23 test items that did reach the 0.75 level (88%), 14 of them reached the 0.90 level 
of excellent reliability (54%). 95% Limits of agreement ranged from ±9% of the 
mean score for the CMDT right to ±47% of the mean score for the tip pinch right. 
A paired t-test showed that participants performed significantly (p < 0.05) better 
on the second session than on the first session on  the overhead lift, repetitive 
reaching right, the PP and the CMDT (Table 2).  
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 48
including  26  items  in  total.  The  tests  are:  the  overhead  lift  test,  the  overhead 
worktest, repetitive reaching test, hand grip strength test, finger strength test, wrist 
extension  strength  test,  the  Purdue  Pegboard  Task  (PP)  and  the  Complete 
Minnesota  Dexterity  test  (CMDT)  [12].  In  Appendix  1,  the  materials,  the 
objectives and the procedures of the FCE are described. 
Data analyses 
All  tests  were  scored  on  an  interval  level.  The  scores  were  used  for  further 
analyses. Descriptives, oneway random Intraclass Correlation Coefficients (ICCs), 
95% confidence intervals (95% CI) and 95% limits of agreement were calculated 
[1]. ICCs are interpreted as follows: ICC  0.90 is excellent and sufficient for 
clinical testing; good when ICC is between 0.75 and 0.90 and poor to moderate 
when ICC  0.75 [5]. 95% Limits of agreement were calculated as follows: mean 
difference ± 1.96 × standard deviation of mean difference [2]. Interpretation of the 
limits of agreement is a clinical, not a statistical decision [1,16]. To get a global 
impression of the width of the limits of agreement, a ratio between the limits of 
agreement and the mean score was calculated. ((1.96 × standard deviation of mean 
difference)/mean  session  1  and  2  ×  100%).  Paired  t-tests  were  calculated  to 
analyse if the results of the first test session differ from results of the second 
session.  Additionally,  ICCs  were  calculated  to  measure  test-retest  reliability 
among men and women and among the youngest 50
th percentile and the oldest 50
th
percentile of the participants separately. Learning effects in the PP and in the 
CMDT  and  a  possible  decline  in  hand  and  finger  strength  within  trials  were 
assumed. A repeated measures design was used for these analyses. All analyses 
were performed in SPSS. 
Results 
Of the 33 included participants, 2 could not perform the finger strength test and 1 
person  could  not  perform  the  overhead  lift.  The  results  of  means,  standard 
deviations, 95% confidence intervals, ICCs and limits of agreement are presented 
in  table  2.  ICC  values  ranged  from  0.73  to  0.97  for  all  tests.  Reliability 
coefficients for handgrip strength of the different positions ranged from 0.86 in 
position 1 to 0.97 in position 3. For finger strength testing, all ICCs show a good 
reliability (ICCs > 0.75). The key pinch shows excellent reliability. (ICC = 0.91 
right and 0.90 left). Of all 26 test items, three ICC-values did not reach the level of 
0.75. These are repetitive reaching right, the PP right and the CMDT left. Of the 
23 test items that did reach the 0.75 level (88%), 14 of them reached the 0.90 level 
of excellent reliability (54%). 95% Limits of agreement ranged from ±9% of the 
mean score for the CMDT right to ±47% of the mean score for the tip pinch right. 
A paired t-test showed that participants performed significantly (p < 0.05) better 
on the second session than on the first session on  the overhead lift, repetitive 
reaching right, the PP and the CMDT (Table 2).  
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Table 3. Intertrial effects of wrist, hand and finger strength, the Purdue Pegboard 
Task and the CMDT for the first test session. 
Test Item  Trial 1  Trial 2  Trial 3  Trial 4 F value (df)
Handgrip strength position 1 right
1  29.0 31.5 30.9 6.3 (1,32)*
Handgrip strength position 1 left
1  29.5 29.8 29.4 0.1 (1,32)
Handgrip strength position 2 right
1  42.7 42.5 41.4 2.1 (1,32)
Handgrip strength position 2 left
1  39.7 38.2 37.1 3.5 (2,31)*
Handgrip strength position 3 right
1  39.8 38.9 38.9 5.0 (1,32)*
Handgrip strength position 3 left
1  36.0 35.2 33.2 20.3 (1,32)**
Handgrip strength position 4 right
1  35.5 33.7 33.0 6.2 (2,31)*
Handgrip strength position 4 left
1  31.2 30.5 29.8 5.3 (2,31)*
Handgrip strength position 5 right
1  29.8 28.6 28.8 2.1 (1,32)
Handgrip strength position 5 left
1  26.5 25.6 25.0 3.5 (2,31)*
Tip pinch strength right
1  5.4 5.1 5.4 0.2 (1,32)
Tip pinch strength left
1  5.3 5.0 5.1 2.0 (1,30)
Palmar pinch strength right
1  7.9 7.7 7.6 1.7 (1,32)
Palmar pinch strength left
1  7.4 7.4 7.2 0.7 (1,30)
Key pinch strength right
1  8.9 9.0 9.1 1.4 (1,32)
Key pinch strength left
1  8.2 8.5 8.5 2.0 (2,29)
Wrist extension right
1  17.6 16.9 16.9 2.9 (1,32)
Wrist extension left
1  15.4 15.4 14.9 2.6 (1,32)
Purdue Pegboard Task right
2  16.1 16.6 17.3 19.8 (1,32)**
Purdue Pegboard Task left
2  14.2 15.0 15.4 18.2 (1,32)**
Complete Minnesota Dexterity Test 
right
3 
48.7 46.4 46.0 44.2 59.6 (1,32)**
Complete Minnesota Dexterity Test 
left
3 
52.8 50.6 50.1 48.4 19.1 (3,30)**
df: degrees of freedom; 
1: kilograms; 
2: number of pins placed; 
3: seconds; * F-value is significant at 
p< 0.05; ** F-value is significant at p< 0.01. 
A repeated measures design showed that within the three trials of the PP and the 
four  trials  of  the  CMDT,  a  significant  (p  <  0.01)  learning  effect  was  present 
(Table 3). A significant decline in handgrip strength tests between trials was also 
present in positions 2 and 3 (Table 3). Additionally, the results of reliability of 
male and female, and the youngest 50th percentile and the oldest 50th percentile 
of the participants are presented in appendix 2. Men and women had lower ICCs 
when  calculated  separately  (mean  ICC  =  0.85  and  0.74  respectively).  For  the 
youngest  50th  percentile  (mean  age  was  23.1  ±  1.8  yr),  ICCs  of  repetitive 
reaching, the PP and the CMDT all were below the 0.75 level.  
Discussion 
The test-retest reliability determines the consistency of measures or scores from 
one  testing  occasion  to  another  [5].  Test-retest  reliability  was  expressed  by 
Intraclass  Correlation  Coefficients  (ICCs).  An  ICC  is  a  ratio  measure  of  the 
between-subject variance and the within-subject variance. A high ICC represents a 
relatively  high  between-subject  variance.  95%  Limits  of  agreement  were 
calculated as a descriptive measure of agreement. 95% Of the differences between 
the two tests lies within this interval since all tests were approximately normally 
distributed [2]. To avoid bias the test-retest intervals must be far enough apart to T
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Table 3. Intertrial effects of wrist, hand and finger strength, the Purdue Pegboard 
Task and the CMDT for the first test session. 
Test Item  Trial 1  Trial 2  Trial 3  Trial 4 F value (df)
Handgrip strength position 1 right
1  29.0 31.5 30.9 6.3 (1,32)*
Handgrip strength position 1 left
1  29.5 29.8 29.4 0.1 (1,32)
Handgrip strength position 2 right
1  42.7 42.5 41.4 2.1 (1,32)
Handgrip strength position 2 left
1  39.7 38.2 37.1 3.5 (2,31)*
Handgrip strength position 3 right
1  39.8 38.9 38.9 5.0 (1,32)*
Handgrip strength position 3 left
1  36.0 35.2 33.2 20.3 (1,32)**
Handgrip strength position 4 right
1  35.5 33.7 33.0 6.2 (2,31)*
Handgrip strength position 4 left
1  31.2 30.5 29.8 5.3 (2,31)*
Handgrip strength position 5 right
1  29.8 28.6 28.8 2.1 (1,32)
Handgrip strength position 5 left
1  26.5 25.6 25.0 3.5 (2,31)*
Tip pinch strength right
1  5.4 5.1 5.4 0.2 (1,32)
Tip pinch strength left
1  5.3 5.0 5.1 2.0 (1,30)
Palmar pinch strength right
1  7.9 7.7 7.6 1.7 (1,32)
Palmar pinch strength left
1  7.4 7.4 7.2 0.7 (1,30)
Key pinch strength right
1  8.9 9.0 9.1 1.4 (1,32)
Key pinch strength left
1  8.2 8.5 8.5 2.0 (2,29)
Wrist extension right
1  17.6 16.9 16.9 2.9 (1,32)
Wrist extension left
1  15.4 15.4 14.9 2.6 (1,32)
Purdue Pegboard Task right
2  16.1 16.6 17.3 19.8 (1,32)**
Purdue Pegboard Task left
2  14.2 15.0 15.4 18.2 (1,32)**
Complete Minnesota Dexterity Test 
right
3 
48.7 46.4 46.0 44.2 59.6 (1,32)**
Complete Minnesota Dexterity Test 
left
3 
52.8 50.6 50.1 48.4 19.1 (3,30)**
df: degrees of freedom; 
1: kilograms; 
2: number of pins placed; 
3: seconds; * F-value is significant at 
p< 0.05; ** F-value is significant at p< 0.01. 
A repeated measures design showed that within the three trials of the PP and the 
four  trials  of  the  CMDT,  a  significant  (p  <  0.01)  learning  effect  was  present 
(Table 3). A significant decline in handgrip strength tests between trials was also 
present in positions 2 and 3 (Table 3). Additionally, the results of reliability of 
male and female, and the youngest 50th percentile and the oldest 50th percentile 
of the participants are presented in appendix 2. Men and women had lower ICCs 
when  calculated  separately  (mean  ICC  =  0.85  and  0.74  respectively).  For  the 
youngest  50th  percentile  (mean  age  was  23.1  ±  1.8  yr),  ICCs  of  repetitive 
reaching, the PP and the CMDT all were below the 0.75 level.  
Discussion 
The test-retest reliability determines the consistency of measures or scores from 
one  testing  occasion  to  another  [5].  Test-retest  reliability  was  expressed  by 
Intraclass  Correlation  Coefficients  (ICCs).  An  ICC  is  a  ratio  measure  of  the 
between-subject variance and the within-subject variance. A high ICC represents a 
relatively  high  between-subject  variance.  95%  Limits  of  agreement  were 
calculated as a descriptive measure of agreement. 95% Of the differences between 
the two tests lies within this interval since all tests were approximately normally 
distributed [2]. To avoid bias the test-retest intervals must be far enough apart to 
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avoid fatigue, and close enough to avoid genuine changes in performance. In this 
study there was a 10 day time interval. Tests were performed on three different 
locations.  This  may  have  affected  reliability  scores,  because  it  is  not  known 
whether testing on different locations results in different scores. In one location, 
weights of the overhead lifting test were different. In stead of using weights of 1.0, 
2.0 and 4.0 kg, weights of 2.5 and 5.0 kg were used. The results of the overhead 
lift however, are probably not affected because the ICCs in previous studies [3,13] 
correspond with the ICC in this study. It appears that testing on different locations 
did not influence the test scores. The overhead worktest was modified from the 
original IWS procedure protocol because previous studies found an unacceptable 
reliability and because the test had a ceiling at 15 minutes. Therefore, two cuff-
weights of each 1.0 kg were worn around the subject’s forearm. This led to an 
increase in ICC from 0.58 [13] to 0.90, resulting in an excellent reliability of the 
overhead worktest and a decreased holding time, from a mean of 375 to a mean of 
230 seconds. For wrist extension strength, a self-designed prototype was used to 
measure maximal static wrist extension strength. ICCs show excellent reliability 
for both hands (0.91 right and 0.93 left). For handgrip strength it is known that 
most force can be produced in positions 2 and 3 because of the biomechanical 
difficulty of producing force at the widest and narrowest positions [6,15]. ICCs of 
tests in positions 2 to 5 show excellent reliability (ICC > 0.90). The tests repetitive 
reaching right, the PP right and the CMDT left show ICCs of respectively 0.74, 
0.73 and 0.73. This means that, based on the statistical criteria (ICC), reliability is 
moderate. Despite this, the limits of agreement of these tests all ranged between 
±15%  of  the  mean  score  and  therefore  were  small  enough  to  be  considered 
reliable. Based on the ICCs and limits of agreement it is concluded that all 26 test 
items of the WRULD FCE are reliable.  
Learning effects were significant (p < 0.01) in the Purdue Pegboard Task and in 
the Complete Minnesota Dexterity Test. It was hypothesized that this learning 
effect would decline after removing the first trial from analyses. Post hoc t-tests, 
however, show that the learning effect was still present, after removing the first 
trial from analyses. Participants were still significantly faster on the retest than on 
the first test after removing the first trial and ICCs also did not increase relevantly. 
A significant learning effect in the two coordination tasks may contribute to a 
lower  reliability  coefficient.  Repeated  measures  for  within  trails  for  wrist  and 
finger strength show that a decline of strength was significantly present in the 
hand grip tests (Table 3). Innes [6] reported a study in which a pattern of decline 
in grip strength related to intertrial rest periods was found across five trials. The 
longest intertrial rest period had a significantly smaller percentage of decline from 
the first to the last trial. Therefore, fatigue may have influenced the test results in 
this study, but the relevance of this decline is disputable, because the differences 
in measurement were small.  
Gender  differences  were  present  in  all  strength  tests  and  the  PP.  Men  scored 
significantly higher on the overhead lift, hand, finger and wrist extension strength 
tests.  This  result  complies  with  Mathiowetz  et  al.  [10]  who  found  significant 
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differences between males and females in grip and pinch strength. Women scored 
significantly higher on the PP. Gender differences were known to be present in the 
PP [14]. ICCs were lower for men and women when calculated separately than 
when calculated together (average ICC=0.74 for women and 0.85 for men vs. 0.86 
for  the  whole  group).  This  may  be  due  to  the  small  groups  that  remain  after 
splitting. An additional median split was performed to control if the youngest 50th 
percentile and the oldest 50th percentile differ in ICCs. The old group had higher 
ICCs  on  the  coordination  tasks  than  the  young  group.  Reliability  was  not 
acceptable for these tests in the young group. A small sample size might explain 
this. Further research on this area is needed to test the differences in reliability 
found in this study between age groups in a larger sample. 
Conclusion 
Test-retest reliability of 3 test items were moderate, of 9 test items good and of 14 
test items excellent. Based on ICCs and limits of agreement all eight tests were 
reliable. It is concluded that the WRULD FCE is reliable in healthy adults and can 
be used for clinical measurement. 
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whether testing on different locations results in different scores. In one location, 
weights of the overhead lifting test were different. In stead of using weights of 1.0, 
2.0 and 4.0 kg, weights of 2.5 and 5.0 kg were used. The results of the overhead 
lift however, are probably not affected because the ICCs in previous studies [3,13] 
correspond with the ICC in this study. It appears that testing on different locations 
did not influence the test scores. The overhead worktest was modified from the 
original IWS procedure protocol because previous studies found an unacceptable 
reliability and because the test had a ceiling at 15 minutes. Therefore, two cuff-
weights of each 1.0 kg were worn around the subject’s forearm. This led to an 
increase in ICC from 0.58 [13] to 0.90, resulting in an excellent reliability of the 
overhead worktest and a decreased holding time, from a mean of 375 to a mean of 
230 seconds. For wrist extension strength, a self-designed prototype was used to 
measure maximal static wrist extension strength. ICCs show excellent reliability 
for both hands (0.91 right and 0.93 left). For handgrip strength it is known that 
most force can be produced in positions 2 and 3 because of the biomechanical 
difficulty of producing force at the widest and narrowest positions [6,15]. ICCs of 
tests in positions 2 to 5 show excellent reliability (ICC > 0.90). The tests repetitive 
reaching right, the PP right and the CMDT left show ICCs of respectively 0.74, 
0.73 and 0.73. This means that, based on the statistical criteria (ICC), reliability is 
moderate. Despite this, the limits of agreement of these tests all ranged between 
±15%  of  the  mean  score  and  therefore  were  small  enough  to  be  considered 
reliable. Based on the ICCs and limits of agreement it is concluded that all 26 test 
items of the WRULD FCE are reliable.  
Learning effects were significant (p < 0.01) in the Purdue Pegboard Task and in 
the Complete Minnesota Dexterity Test. It was hypothesized that this learning 
effect would decline after removing the first trial from analyses. Post hoc t-tests, 
however, show that the learning effect was still present, after removing the first 
trial from analyses. Participants were still significantly faster on the retest than on 
the first test after removing the first trial and ICCs also did not increase relevantly. 
A significant learning effect in the two coordination tasks may contribute to a 
lower  reliability  coefficient.  Repeated  measures  for  within  trails  for  wrist  and 
finger strength show that a decline of strength was significantly present in the 
hand grip tests (Table 3). Innes [6] reported a study in which a pattern of decline 
in grip strength related to intertrial rest periods was found across five trials. The 
longest intertrial rest period had a significantly smaller percentage of decline from 
the first to the last trial. Therefore, fatigue may have influenced the test results in 
this study, but the relevance of this decline is disputable, because the differences 
in measurement were small.  
Gender  differences  were  present  in  all  strength  tests  and  the  PP.  Men  scored 
significantly higher on the overhead lift, hand, finger and wrist extension strength 
tests.  This  result  complies  with  Mathiowetz  et  al.  [10]  who  found  significant 
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differences between males and females in grip and pinch strength. Women scored 
significantly higher on the PP. Gender differences were known to be present in the 
PP [14]. ICCs were lower for men and women when calculated separately than 
when calculated together (average ICC=0.74 for women and 0.85 for men vs. 0.86 
for  the  whole  group).  This  may  be  due  to  the  small  groups  that  remain  after 
splitting. An additional median split was performed to control if the youngest 50th 
percentile and the oldest 50th percentile differ in ICCs. The old group had higher 
ICCs  on  the  coordination  tasks  than  the  young  group.  Reliability  was  not 
acceptable for these tests in the young group. A small sample size might explain 
this. Further research on this area is needed to test the differences in reliability 
found in this study between age groups in a larger sample. 
Conclusion 
Test-retest reliability of 3 test items were moderate, of 9 test items good and of 14 
test items excellent. Based on ICCs and limits of agreement all eight tests were 
reliable. It is concluded that the WRULD FCE is reliable in healthy adults and can 
be used for clinical measurement. 
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Appendix 1: Materials, Objectives and Procedures of the WRULD FCE 
The overhead lift 
Objective: functional strength of shoulder and arm musculature. Materials: plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kilograms (kg). Procedure: 5 lifts from table to crown 
height v.v. within 90 seconds in standing position. 4 to 5 weight increments were 
used until maximum amount of weight was reached.  
The overhead worktest 
Objective:  static  holding  time  of  shoulder  and  neck  musculature.  Materials: 
aluminum plate adjustable in height with 18 holes, bolts and nuts and 2 cuff-
weights  of  1.0  kg  each.  Procedure:  standing  with  hands  at  crown  height, 
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manipulating nuts and bolts wearing cuff weights around the forearms. The time 
that position is held is measured (sec).  
Repetitive reaching 
Objective: fast repetitive movements of the upper extremity. Materials: 30 marbles 
and two bowls with a 14 cm diameter. Procedure: sitting with bowls on wing span, 
remove marbles horizontally at table height from left to right v.v. with left/right 
arm. Time needed to remove 30 marbles is scored (sec). 
Handgrip strength 
Objective:  isometric  grip  strength.  Materials:  a  hand  dynamometer  (Jamar  PC 
5030, Preston Corporation, 1994). Procedure: in a seated position, the subjects 
held their shoulder adducted and neutrally rotated, elbow flexed at approximately 
90 degrees and the forearm and wrist in neutral position [5]. Grip strength of the 
right  and  left  arm  was  measured  in  a  three-trial  procedure  in  five  different 
handgrip positions (10 test items). Average amount of kgF was scored. 
  
Finger strength 
Objective: isometric tip, key and palmar pinch strength. Materials: a pinch-grip 
dynamometer (Preston Pinch Gauge; J.A. Preston Corporation). Procedure: In a 
seated position, the subjects held their shoulder adducted and neutrally rotated, 
elbow flexed at approximately 90 degrees, the forearm horizontally pronated and 
wrist in neutral position [5]. Strength of right and left fingers was measured in a 
three-trial procedure (6 test items). Average amount of weight was scored. 
Wrist extension strength 
Objective:  isometric  wrist  extension  strength.  Materials:  a  dynamometer  (type 
Chatillon, CSD 200) and a self designed apparatus to fix the dynamometer in a 
vertical  position  above  the wrist. Procedure:  wrist was fixed with  the  forearm 
horizontally pronated and wrist in neutral position. The dynamometer measured 
wrist strength of the left and right arm perpendicular and directly proximal to the 
third caput metacarpale. Average amount of weight was scored over three trials.  
Fingertip dexterity test 
Objective:  fingertip  dexterity.  Materials:  Purdue  Pegboard  (Model  #32020, 
Lafayette IN.). Procedure: sitting subject in front of the pegboard, placing pins 
with left and right hand as fast as possible in a 30 sec trial. Average number of 
pins placed in 30 sec. over three trials for both hands was scored [16].  
Hand and forearm dexterity test 
Objective: gross movement coordination of fingers, hands and arms. Materials: a 
Complete  Minnesota  Dexterity  Test  (Lafayette  IN.).  Procedure:  sitting  subject 
displacing 59 blocks in a pre-determined way as fast as possible. Total displacing 
time needed to perform 4 trials for both hands was scored [17].  
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Objective: functional strength of shoulder and arm musculature. Materials: plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kilograms (kg). Procedure: 5 lifts from table to crown 
height v.v. within 90 seconds in standing position. 4 to 5 weight increments were 
used until maximum amount of weight was reached.  
The overhead worktest 
Objective:  static  holding  time  of  shoulder  and  neck  musculature.  Materials: 
aluminum plate adjustable in height with 18 holes, bolts and nuts and 2 cuff-
weights  of  1.0  kg  each.  Procedure:  standing  with  hands  at  crown  height, 
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manipulating nuts and bolts wearing cuff weights around the forearms. The time 
that position is held is measured (sec).  
Repetitive reaching 
Objective: fast repetitive movements of the upper extremity. Materials: 30 marbles 
and two bowls with a 14 cm diameter. Procedure: sitting with bowls on wing span, 
remove marbles horizontally at table height from left to right v.v. with left/right 
arm. Time needed to remove 30 marbles is scored (sec). 
Handgrip strength 
Objective:  isometric  grip  strength.  Materials:  a  hand  dynamometer  (Jamar  PC 
5030, Preston Corporation, 1994). Procedure: in a seated position, the subjects 
held their shoulder adducted and neutrally rotated, elbow flexed at approximately 
90 degrees and the forearm and wrist in neutral position [5]. Grip strength of the 
right  and  left  arm  was  measured  in  a  three-trial  procedure  in  five  different 
handgrip positions (10 test items). Average amount of kgF was scored. 
  
Finger strength 
Objective: isometric tip, key and palmar pinch strength. Materials: a pinch-grip 
dynamometer (Preston Pinch Gauge; J.A. Preston Corporation). Procedure: In a 
seated position, the subjects held their shoulder adducted and neutrally rotated, 
elbow flexed at approximately 90 degrees, the forearm horizontally pronated and 
wrist in neutral position [5]. Strength of right and left fingers was measured in a 
three-trial procedure (6 test items). Average amount of weight was scored. 
Wrist extension strength 
Objective:  isometric  wrist  extension  strength.  Materials:  a  dynamometer  (type 
Chatillon, CSD 200) and a self designed apparatus to fix the dynamometer in a 
vertical  position  above  the wrist. Procedure:  wrist was fixed with  the  forearm 
horizontally pronated and wrist in neutral position. The dynamometer measured 
wrist strength of the left and right arm perpendicular and directly proximal to the 
third caput metacarpale. Average amount of weight was scored over three trials.  
Fingertip dexterity test 
Objective:  fingertip  dexterity.  Materials:  Purdue  Pegboard  (Model  #32020, 
Lafayette IN.). Procedure: sitting subject in front of the pegboard, placing pins 
with left and right hand as fast as possible in a 30 sec trial. Average number of 
pins placed in 30 sec. over three trials for both hands was scored [16].  
Hand and forearm dexterity test 
Objective: gross movement coordination of fingers, hands and arms. Materials: a 
Complete  Minnesota  Dexterity  Test  (Lafayette  IN.).  Procedure:  sitting  subject 
displacing 59 blocks in a pre-determined way as fast as possible. Total displacing 
time needed to perform 4 trials for both hands was scored [17].  
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Abstract 
Background  and  aim:  Functional  Capacity  Evaluations  (FCEs)  are  used  to 
quantify physical aspects of work capacity. Safety is a critical issue for clinical use 
of an FCE. Patients with Chronic Low Back Pain (CLBP) are known to report a 
temporary increase in pain following an FCE, but it is not known whether this 
increase is a normal pain response to FCE. It is currently unknown how healthy 
subjects respond to an FCE and whether this should be interpreted as a normal 
reaction after physical exercise. This study was performed to quantify the intensity, 
duration, location and nature of the pain response following an FCE in healthy 
subjects and to compare this pain response with the pain response of patients with 
CLBP from a previous study.  
Methods: A total of 197 healthy working subjects between 20 and 60 years of age 
volunteered to participate in this study. All subjects performed a 12-item FCE. 
Pain response was measured by a self-constructed Pain Response Questionnaire 
(PRQ). Descriptive statistics were used to describe the pain response following an 
FCE. Mann–Whitney and t-tests were performed to compare the data from this 
study with data of patients with CLBP from a previous study.  
Results: About 82% of all subjects reported a pain response following the FCE. 
The intensity of the pain response after 24 h post FCE was a median of 3.0 on a 
numeric  rating  scale  (0–10).  About  78%  of  all  pain  was  reducible  to  muscle 
soreness. Pain was most often reported in the upper legs (51%), the lower back 
(38%) the shoulders (37%) and upper arms (36%). Symptoms decreased to pre-
FCE levels in a mean of 3 days. The pain response of 2 subjects (1%) lasted for 3 
weeks. The intensity and duration of the pain response of healthy subjects was not 
significantly different from the response of patients with CLBP.  
Conclusion:  The  pain  response  of  99%  of  all  subjects  who  reported  a  pain 
response  was  interpreted  as  normal.  It  was  concluded  that  a  pain  response 
following an FCE can be expected in healthy subjects and that this pain response 
is a normal musculoskeletal reaction. The pain response of patients with CLBP 
resembles the pain response of healthy subjects. 
Pain response after FCE and implications for clinical interpretation 
61
Introduction 
Functional Capacity Evaluations (FCEs) are sets of functional tests to measure the 
ability  to  perform  work-related  activities.  FCEs  are  used  in  occupational 
rehabilitation,  return  to  work  determinations,  disability  determinations  and 
medico-legal matters. Hart et al. [1] have suggested guidelines and demands for 
clinical use of FCE with regards to safety, reliability, validity, practicality and 
utility. Validity and reliability of FCE have been addressed, [2] but safety has 
scarcely been addressed so far. Five studies reported about the safety of FCE [3–7]. 
One  study  suggested  that  safety  can  be  monitored  in  three  main  areas: 
physiological (heart rate and blood pressure), biomechanical (muscle fatigue or 
weakness) and psychophysical (pain or fear of re-injury) [3]. The outcome of this 
study was that the FCE could be administered safely when these safety issues are 
carefully taken into account and if the recommended guidelines, as provided by 
the US National Institute for Occupational Safety and Health (NIOSH) [8] are 
applied  to  minimize  the  risk  of  further  or  other  injury  [3].  The  California 
Functional Capacity Protocol (Cal FCP) was found to be a safe protocol because 
no new injuries or exacerbations of current impairments were reported in a study 
sample of 64 patients suffering from soft tissue musculoskeletal injuries [4]. A 
study,  in  which  the  development  of  the  EPIC  Lift  Capacity  (ELC)  test  was 
described, reported this test to be safe based on 687 tests in healthy and disabled 
subjects because no incidents were reported. Several healthy subjects however 
reported  next  day  symptoms  which  were  identified  as  soreness  [5].  Others 
concluded that FCE appeared to be safe in patients with Chronic Low Back Pain 
(CLBP) because no injury reports had been filed and the pain decreased to pre 
FCE levels [6]. The study lacked normative data to compare the results to. It was 
suggested that further research should focus on operational definitions for injury, 
in order to test the safety of FCE. In a study in which FCE lifting results were 
compared  with  the  NIOSH  recommended  safe  weight  lifting  (RWL),  it  was 
observed  that  the  RWL  of  the  NIOSH  and  the  FCE  lifting  results  differed 
substantially [7]. It is unclear which outcome could be used as a RWL of safe 
lifting. Additional research into safety and operational definitions of injury are 
needed to test these contrary findings. 
Safety in FCE is a key issue because kinesiophysical FCEs demand a patients’ 
maximum  physical  effort  [9].  A  normal  physical  response  during  maximum 
physical effort includes an increase in heart rate, systolic blood pressure, body 
temperature,  sweat  secretion  and  breath  frequency  [10].  Besides  this,  delayed 
onset muscles soreness (DOMS) after intensive and uncommon exercising is a 
normal reaction of the musculoskeletal system [11]. It is currently not known how 
healthy  workers  respond  to  an  FCE  and  therefore  unknown  what  should  be 
considered to be a normal pain response. Consequently, it is difficult to clinically 
interpret the pain increase in patients following an FCE. If the pain response in 
healthy subjects is known, a comparison can be made between the pain response 
in healthy subjects and the pain response in patients.  
60Chapter 5 
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The objectives of this study were to quantify the location, intensity, duration and 
nature of the pain response in healthy subjects following a 12-item FCE. The 
second goal of this study was to explore differences and similarities between the 
data from this study and data from patient reports used in a previous study [6]. In 
the current study, an FCE was considered safe when the FCE does not lead to 
injuries and when the pain response is considered to be normal. According to the 
physiology  literature,  a  pain  response  was  considered  normal  when  symptoms 
increased within the first 24 h following FCE, peaked between 24 and 72 h and 
subsided and disappeared within 5–7 days after the FCE [11]. Any response not 
following this definition was interpreted as an abnormal response. 
Methods  
Subjects 
A  total  of  232  healthy  adults  working  in  a  broad  range  of  jobs  voluntarily 
participated in this study. Subjects were recruited via local press and personal 
networks. Subjects were included after providing informed consent and signing a 
statement  of  good  health,  when  meeting  the  criteria  of  the  Physical  Activity 
Readiness-Questionnaire (PAR-Q) [12, 13], and when they were between 20 and 
60 years of age and worked at least 20 h per week for the last year. Excluded were 
subjects  who  had  been  absent  from  work  for  more  than  2  weeks  because  of 
dysfunction  of  the  musculoskeletal  system  during  the  year  prior  to  FCE,  or 
subjects  whose  blood  pressure  in  rest  exceeded  159  mmHg  (systolic)  or  100 
mmHg (diastolic) [14].  
Procedures 
Prior  to  the  FCE,  subjects  filled  in  a  questionnaire  to  obtain  demographic 
information, a Pain Response Questionnaire and the PAR-Q. Subjects performed a 
2 h, 12-item FCE (see Table 1). After an introduction to general FCE procedures, 
subjects were briefly instructed how to perform each individual test. Each test was 
first demonstrated by the evaluator. Subjects were allowed to start the next test 
when the heart rate (HR) was below 70% of the age related maximum HR (220-
age). Subjects received instructions on how to use the Borg CR-10 scale which 
was used for measurement of perceived exertion after each test [15, 16]. Subjects 
were individually evaluated by 1 of 15 physiotherapy students who had completed 
a 2-day FCE-training. This study was approved by the Medical Ethical Committee 
of the University Medical Center Groningen, the Netherlands.  
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The objectives of this study were to quantify the location, intensity, duration and 
nature of the pain response in healthy subjects following a 12-item FCE. The 
second goal of this study was to explore differences and similarities between the 
data from this study and data from patient reports used in a previous study [6]. In 
the current study, an FCE was considered safe when the FCE does not lead to 
injuries and when the pain response is considered to be normal. According to the 
physiology  literature,  a  pain  response  was  considered  normal  when  symptoms 
increased within the first 24 h following FCE, peaked between 24 and 72 h and 
subsided and disappeared within 5–7 days after the FCE [11]. Any response not 
following this definition was interpreted as an abnormal response. 
Methods  
Subjects 
A  total  of  232  healthy  adults  working  in  a  broad  range  of  jobs  voluntarily 
participated in this study. Subjects were recruited via local press and personal 
networks. Subjects were included after providing informed consent and signing a 
statement  of  good  health,  when  meeting  the  criteria  of  the  Physical  Activity 
Readiness-Questionnaire (PAR-Q) [12, 13], and when they were between 20 and 
60 years of age and worked at least 20 h per week for the last year. Excluded were 
subjects  who  had  been  absent  from  work  for  more  than  2  weeks  because  of 
dysfunction  of  the  musculoskeletal  system  during  the  year  prior  to  FCE,  or 
subjects  whose  blood  pressure  in  rest  exceeded  159  mmHg  (systolic)  or  100 
mmHg (diastolic) [14].  
Procedures 
Prior  to  the  FCE,  subjects  filled  in  a  questionnaire  to  obtain  demographic 
information, a Pain Response Questionnaire and the PAR-Q. Subjects performed a 
2 h, 12-item FCE (see Table 1). After an introduction to general FCE procedures, 
subjects were briefly instructed how to perform each individual test. Each test was 
first demonstrated by the evaluator. Subjects were allowed to start the next test 
when the heart rate (HR) was below 70% of the age related maximum HR (220-
age). Subjects received instructions on how to use the Borg CR-10 scale which 
was used for measurement of perceived exertion after each test [15, 16]. Subjects 
were individually evaluated by 1 of 15 physiotherapy students who had completed 
a 2-day FCE-training. This study was approved by the Medical Ethical Committee 
of the University Medical Center Groningen, the Netherlands.  
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Endpoints 
Tests could be terminated for three endpoints [3]: cardiac, biomechanical 
and subject endpoints. Cardiac endpoint was reached when HR was above 
85% of age related maximum. HR was measured with a heart rate monitor. 
Biomechanical endpoints were: loss of solid standing basis during lifting 
tasks  or  loss  of  control  of  the  load.  Biomechanical  endpoints  were 
determined  by  the  evaluators.  Subject  endpoints  were  reached  when 
subjects stopped the test. Subjects were instructed to stop at any point if 
they wished to do so.  
Pain Response Questionnaire 
A  Pain  Response  Questionnaire  (PRQ;  Appendix  1)  was  developed  to 
obtain  information  about  the  pain  response  prior  to  FCE  and  7  days 
following  FCE,  medication  use  following  the  FCE  and  to  control  for 
unusual  or  heavy  physical  activity  in  days  following  the  FCE.  The 
intensity of the pain response was measured by an 11-point numeric rating 
scale  (NRS)  for  pain  ranging  from  ‘0’  (no  pain)  to  ‘10’  (worst  pain 
imaginable)  for  17  body  parts  separately  [20].  Subjects  were  asked 
whether their pain score was reducible to muscle soreness, of a different 
origin,  a  combination  of  these,  or  whether  the  origin  of  pain  was 
considered unknown. The PRQ was filled in by the subjects just prior to 
the FCE, directly following the FCE and was taken home to fill in for at 
least on three consecutive days after the FCE to a maximum of 7 days. 
Subjects were asked to fill in the PRQ on the days following the FCE after 
13.00 h. The PRQ could be returned in a reply-paid envelope if pain was 
no longer reported or when the maximum of 7 days had been reached. The 
PRQ was pilot tested in 14 healthy subjects [21] and was found suitable 
for testing. None of the 14 subjects reported a response longer than 7 days 
in this pilot study. 
Data Analyses 
Descriptive statistics were used to describe the subject characteristics and 
pain response. Box plots were made because the data of pain intensity was 
not normally distributed. To be able to compare data of healthy subjects 
with data of patients with chronic low back pain from a previous study [6], 
independent samples Mann–Whitney and t-tests were performed. Results 
were  considered  statistically  significant  when  P  <  0.05.  A  Bonferroni 
correction  was  applied  to  reduce  type  1  error  (P  =  /n  =  0.006  for 
significance).  
Results 
  
A  total  of  35  subjects  of  the  original  group  of  232  volunteers  were 
excluded from analyses because they did not meet the inclusion criteria (n 
=  20),  did  not  return  the  PRQ  (n  =  8)  or  because  they  resigned  to T
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Endpoints 
Tests could be terminated for three endpoints [3]: cardiac, biomechanical 
and subject endpoints. Cardiac endpoint was reached when HR was above 
85% of age related maximum. HR was measured with a heart rate monitor. 
Biomechanical endpoints were: loss of solid standing basis during lifting 
tasks  or  loss  of  control  of  the  load.  Biomechanical  endpoints  were 
determined  by  the  evaluators.  Subject  endpoints  were  reached  when 
subjects stopped the test. Subjects were instructed to stop at any point if 
they wished to do so.  
Pain Response Questionnaire 
A  Pain  Response  Questionnaire  (PRQ;  Appendix  1)  was  developed  to 
obtain  information  about  the  pain  response  prior  to  FCE  and  7  days 
following  FCE,  medication  use  following  the  FCE  and  to  control  for 
unusual  or  heavy  physical  activity  in  days  following  the  FCE.  The 
intensity of the pain response was measured by an 11-point numeric rating 
scale  (NRS)  for  pain  ranging  from  ‘0’  (no  pain)  to  ‘10’  (worst  pain 
imaginable)  for  17  body  parts  separately  [20].  Subjects  were  asked 
whether their pain score was reducible to muscle soreness, of a different 
origin,  a  combination  of  these,  or  whether  the  origin  of  pain  was 
considered unknown. The PRQ was filled in by the subjects just prior to 
the FCE, directly following the FCE and was taken home to fill in for at 
least on three consecutive days after the FCE to a maximum of 7 days. 
Subjects were asked to fill in the PRQ on the days following the FCE after 
13.00 h. The PRQ could be returned in a reply-paid envelope if pain was 
no longer reported or when the maximum of 7 days had been reached. The 
PRQ was pilot tested in 14 healthy subjects [21] and was found suitable 
for testing. None of the 14 subjects reported a response longer than 7 days 
in this pilot study. 
Data Analyses 
Descriptive statistics were used to describe the subject characteristics and 
pain response. Box plots were made because the data of pain intensity was 
not normally distributed. To be able to compare data of healthy subjects 
with data of patients with chronic low back pain from a previous study [6], 
independent samples Mann–Whitney and t-tests were performed. Results 
were  considered  statistically  significant  when  P  <  0.05.  A  Bonferroni 
correction  was  applied  to  reduce  type  1  error  (P  =  /n  =  0.006  for 
significance).  
Results 
  
A  total  of  35  subjects  of  the  original  group  of  232  volunteers  were 
excluded from analyses because they did not meet the inclusion criteria (n 
=  20),  did  not  return  the  PRQ  (n  =  8)  or  because  they  resigned  to 
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participate after all (n = 7). Included were 197 subjects (102 males and 95 
females), whose data were used for analyses. Subject characteristics are 
presented in Table 2. 
Table 2: Subject characteristics (n=197; 102 men, 95 women) 
Mean (sd) 
Age (yrs)  40.8 (10.5) 
Body length (cm)  176.4 (9.4) 
Body weight (kg)  73.4 (12.4) 
Hours working per week  34.9 (8.2) 
Education*  
1. Low 
2. Intermediate 
3. High 
4. Other 
N 
16 
48 
129 
4 
Yrs = years: cm = centimeter: kg = kilogram;* low = primary school unfinished and finished;     
intermediate = secondary school and junior college; high = bachelor’s degree and university 
Pain Response 
A total of 162 subjects (82%) reported a pain response following the FCE. 
53 subjects reported pain prior to the FCE and 57 subjects reported pain 
directly after the FCE. Descriptive statistics of the origin and intensity of 
the pain of the main body parts are presented in Table 3. Because most 
subjects reported their maximum pain intensity on the first day following 
the FCE, Table 3 reflects the status 24 h following the FCE. Most often, a 
pain response was reported in the upper legs (51%), the lower back (38%) 
and the upper arm (37%) and shoulders (36%). The location of the pain 
response of the 17 main body regions is presented in Fig. 1. The intensity 
of the pain over time from pre FCE level to the next 7 days following the 
FCE is presented in Fig. 2. Figure 2 demonstrates that the highest pain 
response  occurred  within  24  h  following  the  FCE  with  a  median  pain 
intensity of 3 on a 0–10 NRS. The pain had returned to pre-FCE levels 3 
days post FCE. A total of 35 subjects (18%) reported a pain intensity over 
2.5 x the interquartile range (IQR) above the median (Fig. 2) which was 
not  expected  in  a  population  with  a  normal  distribution.  Additional 
analyses were  performed  to  explore  whether different  individual health 
related characteristics could be identified to explain a high pain response. 
Results are presented in Table 4. A total of 35 subjects reported a value 
over 2.5 x IQR above the median on pain intensity. This group scores 
lower on vitality, general health perception and social functioning. A pain 
response lasting longer than 7 days was reported by 2 subjects (1%). One 
subject reported low back pain which lasted for 22 days. After a medical 
consultation of an independent physician by telephone it was concluded 
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that these symptoms were non-specific of origin. After 22 days the person 
involved  had  fully  recovered.  The  other  subject  was  diagnosed  with  a 
‘trigger-finger’. These complaints lasted for 21 days until full recovery. 
All other values over 2.5 x IQR above the median had recovered to pre-
FCE level within 7 days following FCE. Four subjects reported to have 
used  nonsteroidal  non-prescriptive  pain  medication  following  the  FCE. 
One  subject  used  a  homeopathic  ointment.  All  of  these  subjects  had 
stopped their medication use 3 days following FCE. One subject has used 
a massage as a means of coping with post FCE pain response. 
Table 3:  Description of intensity, location and origin of pain for those 
subjects who reported pain 24 hrs following FCE (n = 162)  
Origin of pain (self report)  Location  Pain 
response 
% (n) 
Mean (sd)  
pain  
intensity  
DOMS  
 % (n) 
Other  
% (n) 
Both  
% (n) 
Unknown 
% (n) 
Any 
location 
(max pain) 
82 (162)  3.0 (2.4)  n/a  n/a  n/a  n/a 
Neck  24 (49)  2.9 (1.9)  78 (39)  2 (1)  6 (3)  12 (6) 
Shoulders  36 (73)  3.1 (1.7)  80 (58)  1 (1)  6 (4)  14 (10) 
Upper arm  37 (75)  2.7 (1.4)  83 (62)  4 (3)  0 (0)  13 (10) 
Elbow  7 (15)  3.0 (1.6)  60 (9)  13 (2)  7 (1)  20 (3) 
Lower arm  12 (25)  2.4 (1.6)  84 (21)  0 (0)  0 (0)  16 (4) 
Wrists  4 (9)  2.4 (1.2)  56 (5)  33 (3)  0 (0)  11 (1) 
Hand  5 (11)  2.6 (1.9)  73 (8)  0 (0)  0 (0)  27 (3) 
Chest  1 (2)  5.0 (1.4)  100 (2)  0 (0)  0 (0)  0 (0) 
Upper back  19 (39)  3.4 (2.0)  92 (36)  0 (0)  3 (1)  5 (2) 
Lower back  38 (77)  3.6 (2.0)  81 (62)  7 (5)  4 (3)  9 (7) 
Buttocks  15 (30)  3.1 (2.0)  93 (28)  7 (2)  0 (0)  0 (0) 
Belly  3 (6)  2.3 (1.7)  67 (4)  0 (0)  0 (0)  33 (2) 
Upper leg  51 (103)  3.3 (1.9)  88 (91)  2 (2)  1 (1)  9 (9) 
Knee  4 (9)  3.1 (3.0)  33 (3)  33 (3)  0 (0)  33 (3) 
Lower leg  12 (25)  2.1 (1.2)  88 (22)  8 (2)  0 (0)  4 (1) 
Ankle  2 (4)  2.0 (0.8)  75 (3)  0 (0)  0 (0)  25 (1) 
Foot  1 (2)  1.0 (0.0)  0 (0)  0 (0)  0 (0)  100 (2) 
n:  number  of  subjects  reporting  a  response.  n/a:  not  applicable  due  to  reports  of  pain 
responses on more than one body region. DOMS: Delayed Onset Muscle Soreness: Other: 
pain  other  than  muscle  soreness.  Both:  a  combination  of  muscle  soreness  and  other.
Unknown: origin of pain is unknown.  
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Figure 1: location of the pain response expressed in percentage of 
subjects 
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Bold horizontal lines: medians. Gray boxes: interquartile range (+ and – 25% of median). 
Vertical tick marks: 1.5 x interquartile range. Stars: value over 2.5 x IQR above the median. 
Numbers: number of subjects 
Figure 2: Boxplots of the median concerning the reported pain response 
per day.  
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Bold horizontal lines: medians. Gray boxes: interquartile range (+ and – 25% of median). 
Vertical tick marks: 1.5 x interquartile range. Stars: value over 2.5 x IQR above the median. 
Numbers: number of subjects 
Figure 2: Boxplots of the median concerning the reported pain response 
per day.  
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Comparison with Patients with CLBP 
Table 5 lists the descriptives of former research in patients with CLBP [6] 
being compared to the data of healthy subjects in the current study. To 
enable comparison of both datasets on pain intensity, scores from the PRQ 
were transformed to a 3-point scale (pain decrease, no difference, pain 
increase). No significant differences in pain increase were found between 
healthy subjects and patients with CLBP (Table 5). Independent t-tests 
show that differences in the duration of the pain response between patients 
with CLBP and healthy subjects were not significant (Table 5). 
Discussion 
The results of this study show that the pain response in healthy subjects 
followed a pattern which resembles normal exercise physiology [10]. The 
group of subjects in this study can be generalized to the Dutch population 
because personal characteristics such as gender, length, weight and health 
perception  resemble  the  Dutch  population  (Tables  2  and  4).  The  three 
domains Pain, Physical Functioning and Role limitation (physical) of the 
RAND-36 however differ clinically from the Dutch population (Table 4). 
This  may  be  due  to  the  inclusion  criteria  of  this  study;  only  healthy 
working subjects between 20 and 60 years of age were included, who had 
no dysfunction of the musculoskeletal system at the time of FCE. There 
were 53 subjects who reported pain prior to the FCE while stating that 
they were without complaints when they signed informed consent. In total 
there were 35 subjects who reported a value over 2.5 x IQR above the 
median on pain intensity partly because they reported a pain response prior 
to the FCE. Post hoc analyses of personal characteristics reveal that 2 sub-
groups may have been included in this study, namely a group who rated 
their pain over 2.5 x IQR above the median, and a group who rated their 
pain under 2.5 x IQR above the median. Table 4 illustrates that the group 
who rated their pain over 2.5 x IQR above the median scores lower on 
vitality, general health perception and social functioning but not on pain 
and  physical  functioning.  When  we  take  into  consideration  the  point-
prevalence of musculoskeletal pain in the Dutch population (53.9%) than, 
of this population, 70% reports no limitation in daily life resulting from 
musculoskeletal pain [23]. This means there is a large number of persons 
in the Dutch population who do experience pain but are not restricted in 
daily  life  activities.  The  data  of  the  current  study  may  possibly  have 
included a part of this group. Thus, with regards to pain status and self 
reported ADL functioning, the subjects of this study appear similar to the 
open Dutch population. Consequently, the general pattern and diversity ofT
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Comparison with Patients with CLBP 
Table 5 lists the descriptives of former research in patients with CLBP [6] 
being compared to the data of healthy subjects in the current study. To 
enable comparison of both datasets on pain intensity, scores from the PRQ 
were transformed to a 3-point scale (pain decrease, no difference, pain 
increase). No significant differences in pain increase were found between 
healthy subjects and patients with CLBP (Table 5). Independent t-tests 
show that differences in the duration of the pain response between patients 
with CLBP and healthy subjects were not significant (Table 5). 
Discussion 
The results of this study show that the pain response in healthy subjects 
followed a pattern which resembles normal exercise physiology [10]. The 
group of subjects in this study can be generalized to the Dutch population 
because personal characteristics such as gender, length, weight and health 
perception  resemble  the  Dutch  population  (Tables  2  and  4).  The  three 
domains Pain, Physical Functioning and Role limitation (physical) of the 
RAND-36 however differ clinically from the Dutch population (Table 4). 
This  may  be  due  to  the  inclusion  criteria  of  this  study;  only  healthy 
working subjects between 20 and 60 years of age were included, who had 
no dysfunction of the musculoskeletal system at the time of FCE. There 
were 53 subjects who reported pain prior to the FCE while stating that 
they were without complaints when they signed informed consent. In total 
there were 35 subjects who reported a value over 2.5 x IQR above the 
median on pain intensity partly because they reported a pain response prior 
to the FCE. Post hoc analyses of personal characteristics reveal that 2 sub-
groups may have been included in this study, namely a group who rated 
their pain over 2.5 x IQR above the median, and a group who rated their 
pain under 2.5 x IQR above the median. Table 4 illustrates that the group 
who rated their pain over 2.5 x IQR above the median scores lower on 
vitality, general health perception and social functioning but not on pain 
and  physical  functioning.  When  we  take  into  consideration  the  point-
prevalence of musculoskeletal pain in the Dutch population (53.9%) than, 
of this population, 70% reports no limitation in daily life resulting from 
musculoskeletal pain [23]. This means there is a large number of persons 
in the Dutch population who do experience pain but are not restricted in 
daily  life  activities.  The  data  of  the  current  study  may  possibly  have 
included a part of this group. Thus, with regards to pain status and self 
reported ADL functioning, the subjects of this study appear similar to the 
open Dutch population. Consequently, the general pattern and diversity of
71T
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the pain response as seen in this study should be considered to be a normal 
response rather than an indication of injury. There were two subjects (1%) 
in  this  study  who  reported  an  abnormal  reaction.  However,  it  remains 
unknown  whether  this  may  be  expected  in  a  normal  population  after 
intensive exercise. The 1-week incidence of neck and back pain, calculated 
by The Dutch National Institute for Public Health and the Environment 
(RIVM), of the Dutch population is 0.15% for men and 0.18% for women 
[24]. Data concerning the incidence of musculoskeletal complaints after 
intensive exercise such as an FCE are unavailable but is presumed to be 
higher.  
The second goal of this study was to investigate whether the pain response 
of healthy subjects is different from the pain response of patients with 
CLBP. Earlier research of the pain response of patients with CLBP [6] 
reported a pain increase in 76% of the subjects, which lasted for a mean of 
3.4 days after the FCE. In our study we found a symptom increase in 82% 
of all subjects and a normalization of pain to pre-FCE levels on the third 
day following the FCE (Fig. 2). Differences between our study and the 
patient study [6] were non significant for the pain intensity increase as 
well  as  for  duration  of  the  pain  increase  (Table  5).  However  some 
differences in study design must be taken into account before drawing 
such a conclusion. The first concerns the content of the FCE. Our study 
included an additional treadmill ergometer test which may have led to a 
difference in pain response. The second difference concerns the patient 
characteristics. There was a difference in male/ female distribution in both 
studies. Post hoc analyses show a significant gender difference of 1.3 on 
pain intensity measured by the PRQ on the first day following the FCE. 
Female subjects are slightly ‘‘statistically significant’’ reporting more pain. 
Other  possible  characteristics  of  subjects  may  have  led  to  differences 
between the studies. This, however, is beyond the scope of this paper and 
will be reported separately. Overall it can be said that the pain response of 
healthy  subjects  in  this  study  appear  similar  to  patient  data  [6]. 
Additionally, former research to the Cal FPC and the ELC test showed 
similar  results  and  demonstrated  safety  of  these  protocols  [4,5].  These 
protocols  however differed substantially  from  the  protocol  used  in  this 
study.  The  FPC  and  the  ELC  protocols  are  based  on  psychophysical 
principles in which a patient determines his/ her own acceptable maximum 
effort.  The  protocols  used  in  this  study  are  based  on  kinesiophysical 
principles  in  which  the  evaluator  also  determines  maximal  safe  effort. 
Former  research  into  differences  between  both  the  psychophysical  and 
kinesiophysical approaches has found differences between outcomes [25]. 
It appears, however, that when concerning safety, both the psychophysical 
and the kinesiophysical evaluations can be administered safely.  
A  weakness  of  this  study  was  that  no  correction  was  made  for  pain 
responses after different exercises besides the FCE or for pain prior to the T
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the pain response as seen in this study should be considered to be a normal 
response rather than an indication of injury. There were two subjects (1%) 
in  this  study  who  reported  an  abnormal  reaction.  However,  it  remains 
unknown  whether  this  may  be  expected  in  a  normal  population  after 
intensive exercise. The 1-week incidence of neck and back pain, calculated 
by The Dutch National Institute for Public Health and the Environment 
(RIVM), of the Dutch population is 0.15% for men and 0.18% for women 
[24]. Data concerning the incidence of musculoskeletal complaints after 
intensive exercise such as an FCE are unavailable but is presumed to be 
higher.  
The second goal of this study was to investigate whether the pain response 
of healthy subjects is different from the pain response of patients with 
CLBP. Earlier research of the pain response of patients with CLBP [6] 
reported a pain increase in 76% of the subjects, which lasted for a mean of 
3.4 days after the FCE. In our study we found a symptom increase in 82% 
of all subjects and a normalization of pain to pre-FCE levels on the third 
day following the FCE (Fig. 2). Differences between our study and the 
patient study [6] were non significant for the pain intensity increase as 
well  as  for  duration  of  the  pain  increase  (Table  5).  However  some 
differences in study design must be taken into account before drawing 
such a conclusion. The first concerns the content of the FCE. Our study 
included an additional treadmill ergometer test which may have led to a 
difference in pain response. The second difference concerns the patient 
characteristics. There was a difference in male/ female distribution in both 
studies. Post hoc analyses show a significant gender difference of 1.3 on 
pain intensity measured by the PRQ on the first day following the FCE. 
Female subjects are slightly ‘‘statistically significant’’ reporting more pain. 
Other  possible  characteristics  of  subjects  may  have  led  to  differences 
between the studies. This, however, is beyond the scope of this paper and 
will be reported separately. Overall it can be said that the pain response of 
healthy  subjects  in  this  study  appear  similar  to  patient  data  [6]. 
Additionally, former research to the Cal FPC and the ELC test showed 
similar  results  and  demonstrated  safety  of  these  protocols  [4,5].  These 
protocols  however differed substantially  from  the  protocol  used  in  this 
study.  The  FPC  and  the  ELC  protocols  are  based  on  psychophysical 
principles in which a patient determines his/ her own acceptable maximum 
effort.  The  protocols  used  in  this  study  are  based  on  kinesiophysical 
principles  in  which  the  evaluator  also  determines  maximal  safe  effort. 
Former  research  into  differences  between  both  the  psychophysical  and 
kinesiophysical approaches has found differences between outcomes [25]. 
It appears, however, that when concerning safety, both the psychophysical 
and the kinesiophysical evaluations can be administered safely.  
A  weakness  of  this  study  was  that  no  correction  was  made  for  pain 
responses after different exercises besides the FCE or for pain prior to the 
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FCE. This has not been done because causality is not always clear. For 
example, if a subject reports a pain intensity of 2 on the PRQ on the first 
day following the FCE and has an intensive exercise afterwards, he or she 
might report a pain intensity of 5 the day following. In this example it is 
unclear  whether  the  response  is  causal  to  the  FCE  or  to  any  activity 
besides the FCE. On the other hand, all responses were reported in this 
study and the real pain intensity following the FCE could, therefore, be an 
overestimation. A total of 53 subjects reported pain before the FCE and 57 
subjects reported pain directly after the FCE. It is remarkable that on an 
average, subjects reported a higher level of pain before undergoing the 
FCE  than  4  days  following  the  FCE.  A  reason  for  this  might  be  that 
subjects  are  focused  on  the  severity  of  pain  they  feel  before  the  FCE 
and/or that they are just reporting about the pain they think is causal to the 
FCE on the days following the FCE.  
The NIOSH guidelines are safety guidelines for recommendation of safe 
lifting. Former research to the concurrent validity between the WorkWell 
FCE  lifting  task  and  the  NIOSH  Recommend  Weight  Lift  showed 
significant  differences  between  both  safe  lifting  recommendations  in 
patients with CLBP [7]. Patients lifted on average 15 kg. more on the 
WorkWell FCE lifting task than on the NIOSH RWL. It  was however 
unknown whether the lifting tasks in the FCE could be administered safely, 
because data is lacking with regards to normative data of healthy subjects 
and it was unknown whether the pain responses in patients with CLBP 
were considered abnormal or normal. The normative data in the current 
study  is  therefore  additional  to  the  question  whether  the  FCE  can  be 
administered safely. This study indicates that an FCE can be administered 
safely if all safety procedures are followed.  
In  conclusion,  the  pain  response  of  most  healthy  subjects  (99%)  was 
interpreted  as  a  normal  physiological  reaction  of  the  musculoskeletal 
system  after  intensive  exercise  such  as  an  FCE.  1%  of  the  subjects 
reported an abnormal reaction. For a clinician the data from this study is of 
concern  because  it  means  that  a  pain  response  can  be  expected  and 
considered normal after an FCE. Healthy workers and patients should be 
informed that a pain response can be expected and that this should in the 
vast  majority  of  the  cases  be  interpreted  as  a  normal  reaction  of  the 
musculoskeletal system after intensive exercise. 
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Appendix 1: Pain Response Questionnaire 
Date: ..…- …-……. :  (Day 0 - Pre FCE)       Time: ________ 
1.   Did you experience pain in the last 12 hours?  
No    Go to question 2 and 3. 
Yes    Complete the questionnaire 
Instructions for filling in the table
• Column 1:   circle every painful body part. 
• Column 2:  circle your pain intensity  (0 = ‘no pain’ ; 10 = ‘worst pain 
imaginable’). 
• Column 3:   circle the origin of the pain (both  = muscle soreness and 
another origin; ? = origin is unknown) 
MS = muscle soreness 
2.   Did you perform any heavy or unusual physical activity in the past 24 hours?  
NO  
YES      If yes, please describe the physical activity: 
  
3.   Did you experience any other physical reactions which were not addressed yet?  
NO 
YES     Namely …
Column 1 
Body part
Column 2 
0 = ‘no pain’      10 = ‘Worst 
imaginable pain’  
Column 3 
‘Origin of the pain’
Neck  0  1 2 3 4 5  6  7 8 9 10  MS  other  both    ? 
Shoulder  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Upper arm  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Elbow   0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Under arm  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Wrist  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Hand  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Chest  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Upper back  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
lower back  00  0   0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Belly  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Buttocks  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Upper leg   0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Knee  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Lower leg  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Ankle  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Foot  0  1 2 3 4 5  6  7 8 9 10  MS  other  both  ? 
Different:  
…  0  1 2 3 4 5 6  7 8 9 10  MS  other  both  ? 
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FCE. This has not been done because causality is not always clear. For 
example, if a subject reports a pain intensity of 2 on the PRQ on the first 
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Abstract 
Objectives: It is currently unknown whether specific determinants are predictive 
for  developing delayed onset muscle soreness (DOMS) after heavy work-related 
activities. The aim of this study was to analyze whether personal characteristics 
and  performance  measures  are  predictive  for  onset,  intensity,  and  duration  of 
DOMS  after  performing  work-related  activities  during  a  Functional  Capacity 
Evaluation in healthy participants. 
Methods:  Included  in  this  study  were  197  healthy  participants  (102  men,  95 
women),  all  working  within  a  broad  range  of  professions.  Five  groups  of 
predictors were tested in a multiple regression analysis model: personal variables, 
self-reported activity, self-reported health, perceived effort during the test, and 
objective outcomes of the test. Twenty-three independent variables were selected 
and tested with a backward regression analysis. 
Results: The onset of DOMS could be explained for 7% by the variables sex and 
the work index of the Baecke questionnaire. Variance of intensity of DOMS could 
be explained for 13% by the variables age, sex, and VO2max. Variance in duration 
of DOMS could be explained for 8% by the variables sex and reported emotional 
role limitations. Onset, intensity, and duration of DOMS remain unpredictable for 
87% or more. 
Conclusions:  The  results  demonstrate  that  the  intensity  and  duration  of  self-
reported DOMS can only minimally be predicted from the candidate predictors 
used in this study. 
Can muscle soreness following intensive work-related activities be predicted? 
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Introduction
Lifting,  carrying,  stair  climbing,  working  on  ladders,  pushing,  and  pulling  are 
work-related  activities,  which  may  contribute  to  an  overload  of  the 
musculoskeletal  system.  This  overload  may  result  in  muscle  soreness,  loss  of 
muscle  function,  and  swelling,  which,  in  turn,  may  affect  daily  activities  [1]. 
Delayed  onset  muscle  soreness  (DOMS)  is  a  common  and  well-known 
phenomenon after intensive exercise such as heavy work [2]. DOMS is usually 
associated with unfamiliar muscular work and is precipitated by eccentric actions 
[3].  DOMS  may  induce  a  decreased  range  of  motion,  strength,  and  joint  and 
muscle perception [2]. Although as many as 6 hypothesized theories (ie, lactic 
acid, muscle spasm, connective tissue damage, muscle damage, inflammation, and 
the enzyme efflux theories) have been proposed as potential etiologic explanations 
of DOMS, there is consensus among researchers that 1 theory only cannot explain 
the onset of DOMS. Instead, a combination of the items mentioned above is more 
likely to explain all the aspects of the onset of DOMS [2]. 
Research  into  risk  factors  of  DOMS  has  mainly  focused  on  prevention  or 
treatment  of DOMS,  rather  than focusing  on potential  risk groups or  personal 
characteristics, which may relate to DOMS. Although women generally seem to 
be more responsive to typical experimental (cutaneous) pain stimuli than men,  
[4,5] research into sex differences in case of DOMS revealed no differences [6]. 
Age-related differences were found in a study to DOMS after eccentric exercise in 
which  younger  participants  perceived  significantly  more  DOMS  than  older 
participants [1]. However, other studies found no differences between younger and 
older male participants, but found that older female participants exhibited higher 
levels of muscle damage than young females [7], suggesting a sex-age interaction. 
Nevertheless, few data are available to confirm this hypothesis. Another study 
found that fear of pain predicted 10% of the variance of DOMS intensity in 42 
healthy  participants  [8].  Catastrophizing  and  anxiety  were  not  predictive  for 
DOMS [8].Most of the research mentioned above operationally defined DOMS by 
using blood samples and consequently focused on the nociceptive side of pain. 
Contrary to this, the present study used pain as it was defined by the International 
Association for the Study of Pain: ‘‘pain is an unpleasant sensory and emotional 
experience associated with actual or potential tissue damage [9].’’ 
In an average work setting, a widespread population of workers differing in age, 
sex, aerobic fitness level, muscle strength, and workload can be found. No data are 
available concerning the influence and impact of DOMS at work. It is unknown 
whether personal characteristics relate to DOMS or if there is a dose-response 
relation of DOMS in a normal working situation. It is also unknown whether the 
worker’s perceived amount of effort contributes to the onset, intensity, or duration 
of DOMS. New predictive data of DOMS in healthy individuals in work and sport 
settings could lead to better guidance, prevention, and treatment of DOMS. In 
addition,  in  the  domains  of  rehabilitation  and  employment,  the  possibility  of 
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musculoskeletal  system.  This  overload  may  result  in  muscle  soreness,  loss  of 
muscle  function,  and  swelling,  which,  in  turn,  may  affect  daily  activities  [1]. 
Delayed  onset  muscle  soreness  (DOMS)  is  a  common  and  well-known 
phenomenon after intensive exercise such as heavy work [2]. DOMS is usually 
associated with unfamiliar muscular work and is precipitated by eccentric actions 
[3].  DOMS  may  induce  a  decreased  range  of  motion,  strength,  and  joint  and 
muscle perception [2]. Although as many as 6 hypothesized theories (ie, lactic 
acid, muscle spasm, connective tissue damage, muscle damage, inflammation, and 
the enzyme efflux theories) have been proposed as potential etiologic explanations 
of DOMS, there is consensus among researchers that 1 theory only cannot explain 
the onset of DOMS. Instead, a combination of the items mentioned above is more 
likely to explain all the aspects of the onset of DOMS [2]. 
Research  into  risk  factors  of  DOMS  has  mainly  focused  on  prevention  or 
treatment  of DOMS,  rather  than focusing  on potential  risk groups or  personal 
characteristics, which may relate to DOMS. Although women generally seem to 
be more responsive to typical experimental (cutaneous) pain stimuli than men,  
[4,5] research into sex differences in case of DOMS revealed no differences [6]. 
Age-related differences were found in a study to DOMS after eccentric exercise in 
which  younger  participants  perceived  significantly  more  DOMS  than  older 
participants [1]. However, other studies found no differences between younger and 
older male participants, but found that older female participants exhibited higher 
levels of muscle damage than young females [7], suggesting a sex-age interaction. 
Nevertheless, few data are available to confirm this hypothesis. Another study 
found that fear of pain predicted 10% of the variance of DOMS intensity in 42 
healthy  participants  [8].  Catastrophizing  and  anxiety  were  not  predictive  for 
DOMS [8].Most of the research mentioned above operationally defined DOMS by 
using blood samples and consequently focused on the nociceptive side of pain. 
Contrary to this, the present study used pain as it was defined by the International 
Association for the Study of Pain: ‘‘pain is an unpleasant sensory and emotional 
experience associated with actual or potential tissue damage [9].’’ 
In an average work setting, a widespread population of workers differing in age, 
sex, aerobic fitness level, muscle strength, and workload can be found. No data are 
available concerning the influence and impact of DOMS at work. It is unknown 
whether personal characteristics relate to DOMS or if there is a dose-response 
relation of DOMS in a normal working situation. It is also unknown whether the 
worker’s perceived amount of effort contributes to the onset, intensity, or duration 
of DOMS. New predictive data of DOMS in healthy individuals in work and sport 
settings could lead to better guidance, prevention, and treatment of DOMS. In 
addition,  in  the  domains  of  rehabilitation  and  employment,  the  possibility  of 
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DOMS interfering in a perceived increase in pain after performing work-related 
tasks  is  considered  to  be  of  importance.  The  present  study  was  performed  to 
analyze  whether  personal  and  performance  characteristics  can  predict  onset, 
intensity, and duration of DOMS after performing work-related activities. 
Materials and Methods 
Participants 
In all, 232 healthy participants between 20 and 60 years of age working within a 
broad range of professions voluntarily participated in this study. Participants stated 
they were in good health and signed an informed consent before participation. 
Participants  were  included  when  they  met  all  criteria  of  the  Physical  Activity 
Readiness Questionnaire [10,11]; participants’ resting blood pressure was below 
159mm Hg (systolic)/100mm Hg (diastolic); participants worked at least 20 hours 
per  week;  and  had  not  been  absent  from  work  because  of  musculoskeletal 
symptoms for more than 2 weeks during the year before the test. 
  
Procedures 
A demographic questionnaire was filled in at home by all participants to obtain 
information  about  age,  sex,  education  level,  health  perception,  habitual  sports, 
leisure time, and work and brought this to the evaluator. When participants met the 
inclusion criteria they were asked to fill in a Pain Response Questionnaire (PRQ) 
just  before  the  test,  to  obtain  information  about  whether  participants  were 
experiencing pain. Before the test, blood pressure was measured. Test procedures 
were explained and each test was demonstrated by the evaluator. Participants were 
instructed  to  make  a  maximum  effort  for  each  test.  The  test  was  terminated 
whenever a participant wished to do so for whatever reason, when the maximum 
age  predicted  heart  rate  exceeded  85%,  or  when  the  evaluator  considered  the 
situation  to  be  unsafe.  After  each  test,  participants  rated  their  exertion  on  a 
numeric  rating  scale  (NRS),  ranging  from  0  (no  effort)  to  any  number  the 
participants considered to be their maximum effort (scale was anchored at 10; 
almost maximal effort) [12]. Evaluators were instructed to rate the biomechanical 
endpoints for (sub)maximal performance of participants on an NRS. Mean time 
needed for the tests was 1 hour and 50 minutes (±18 min). The testing order was 
arranged in a way that exertional and non-exertional tests were divided equally, 
allowing  all  participants  to  recover  for  at  least  20  minutes  in  between  the 
exertional  tests.  The  PRQ  was  filled  in  again  directly  after  the  tests  by  the 
participants  and  every  day  following  up  to  7  consecutive  days  after  the  test. 
Participants were instructed to return the PRQ after 3 days when no pain response 
had occurred. This study was approved by the Medical Ethics Committee of the 
University Medical Center Groningen, the Netherlands. 
Work-related activities 
A Functional Capacity Evaluation (FCE) was administered to define work-related 
activities  operationally.  FCEs  are  standardized  performance-based  batteries  of 
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tests aimed to measure work capacity. The FCE used in this study (Workwell 
FCE)  demands  the  participants’  maximal  performance.  A  12-item  FCE  was 
performed, covering a wide range of activities. The items were lifting low, lifting 
high, long carry 2-handed, overhead work test loaded, forward bend test standing 
loaded, dynamic bending test, repetitive side reaching, handgrip strength, finger 
strength,  Purdue  Pegboard  Task,  Complete  Minnesota  Dexterity  Test,  and  the 
Bruce treadmill ergometry test. Performance outcome variables were constructed 
of  tests  in  which  maximum  dynamic  and  static  contractions  are  evaluated. 
Material handling consisted of lifting low, lifting high, and long carry 2-handed. 
Static work consisted of the overhead work test loaded and forward bend test 
loaded.  Aerobic  capacity  was  assessed  using  the  Bruce  treadmill  test  [13]. 
Reliability of these individual FCE items range from good to excellent [14,15]. 
Candidate Predictors of DOMS 
Two variables, sex and age, were included based on supporting evidence in the 
literature [1,4-7]. Other variables were selected to explore candidate predictors 
related  to  exercise  physiology  (performance  outcome  measure),  motivational 
aspects (effort), and other personal factors. The following candidate predictors of 
DOMS were evaluated: 
1. Personal characteristics: age (y); sex (male/female); height (cm), and 
body weight (kg). 
2. Habitual  physical  activity:  the  Baecke  questionnaire  was  used  for 
measuring self-reported habitual physical activity in sports, leisure time, 
and work [16]. This questionnaire was found valid for measuring self-
reported physical activity [17]. 
3. Effort:  the  amount  of  effort  a  person  was  willing  to  make  was 
hypothesized to be of importance for the onset of DOMS. Participants 
were asked to make maximal effort. The amount of effort was evaluated 
by the participant and evaluator independently. Both used an NRS scale, 
ranging from 0 (no effort) to any number the participants considered to 
be  their  maximum  effort  (scale  was  anchored  at  10;  almost  maximal 
effort) [12]. Evaluators were trained to observe biomechanical aspects 
enabling  them  to  determine  the  amount  of  effort  a  participant  made. 
Research has shown that trained evaluators are capable of determining 
whether a participant is performing maximal or submaximal [18]. The 
heart rate during the tests was recorded by a heart rate monitor, providing 
thus an objective measure for cardiac effort. 
4. Performance  outcome:  3  performance  outcome  variables  were 
constructed  to  provide  a  variety  of  exercises  resembling  heavy  work. 
These  performance  outcomes  were  material  handling  (sum  scores  of 
lifting low, lifting high, and carrying) [14], static work (sum scores the 
scores of overhead work test [16] and forward bend test standing [14]), 
and aerobic capacity (Bruce treadmill) [13].  
5. Self-reported health: to evaluate self-reported health, the RAND-36 was 
administered.  The  RAND-36  is  a  generic  measure,  which  covers  9 
domains of functioning and well-being [19]. These are vitality, mental 
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health, social functioning, general health perception, pain, role limitations 
(emotional  problem),  role  limitations  (physical  problem),  physical 
functioning, and health change. 
PRQ 
Pain  has  a  multidimensional  character  and  limitations  in  activities  caused  by 
DOMS  are  usually  a  matter  of  sensory  and  emotional  experience  [9]  of  the 
individual and therefore, this research focused on the DOMS perception of the 
participants solely. A PRQ was developed to measure the onset, intensity, and 
duration of DOMS. These were the dependent variables, which were included in 
the regression  model. DOMS was measured by an 11-point NRS for 17 body 
parts. A pain score of 0 indicated no pain, and a score of 10 indicated the worst 
pain imaginable. Participants were asked to rate their pain directly before and after 
the FCE and every day following the FCE after 1 PM up to 7 consecutive days. 
Participants were asked whether their pain score was reducible to muscle soreness, 
a different origin or unknown origin. 
Analyses 
Model Building 
Univariate  models  (Pearson  correlation  coefficient,  Point  biserial  correlation 
coefficient,  Phi  coefficients)  were  built  to  obtain  a  P  value  for  each  variable 
correlating  between  duration  and  intensity  of  DOMS.  Variables  with  P  values 
<0.25  progressed  to  the  next  phase  of  modelling  [20].  Colinearity  among  the 
remaining independent variables was assessed and when the Pearson correlation 
coefficient was larger than 0.75, the predictor with the highest correlation between 
the independent variables was selected. The selected variables were included in 
the final regression model, using backward linear regression. A stepwise model 
was used because no a priori hypotheses on the order of entries were available. -
coefficients with a P value <0.05 were considered to be a significant predictor. 
Prediction for the onset of DOMS was performed by analyzing all participants 
who were divided in 2 groups, one group reporting no DOMS (0), and the other 
group reporting DOMS (1). Predictions for intensity and duration of DOMS were 
only  performed  for  those  participants  who  had  reported  DOMS.  Data  were 
analyzed by using SPSS. 
RESULTS 
Sample Characteristics 
Of 232 original volunteers, 35 participants were excluded from analyses for not 
meeting  the  inclusion  criteria,  for  not  returning  the  PRQ,  or  deciding  not  to 
participate after all. The data of 197 participants [102 males (52%) and 95 females 
(48%)] were used for analyses. A description of the sample is presented in Table 
1. 
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Assumptions for modeling 
The dependent outcome variables were examined on normality, homoscedasticity, 
and linearity. Both intensity and duration of DOMS were found to have a fair 
normal  distribution.  Onset  was  a  dichotomous  variable.  P-plots  of  residuals 
showed  homoscedasticity  and  linearity.  No  colinearity  was  detected  using 
univariate regression analyses between the predictor variables. Univariate analyses 
are  presented in Table 1. 
   
Prediction of DOMS  
After the FCE, 162 of 197 participants (82%) reported a pain response. Eighty-
five percent of the participants reported that the origin of this pain was reducible 
to DOMS. These participants reported a mean DOMS intensity 24 hours post-FCE 
of 3.7 on the PRQ. No participants reported DOMS after 7 days after the FCE. 
There were however 2 participants who reported a pain response of a different 
origin  recovering  within  3  weeks  after  the  FCE.  More  detailed  descriptive 
statistics on pain response after the FCE are presented in a different paper [21]. 
For pain intensity, 3 predictors remained in the final regression analyses (Table 2). 
Age, sex, and VO2-max were predictive of outcome for pain intensity, explaining 
a total of 13% of variance. All 3 predictors were negatively related with pain 
intensity,  which  means  that  female  participants,  younger  participants,  and 
participants having a higher VO2-max reported a higher pain intensity. Sex and the 
work indexes of the Baecke questionnaire were predictive for the onset of DOMS. 
These predictors predicted 7.0% of variance. The duration of the pain response 
could  be  predicted  from  sex  and  the  emotional  role  scale  of  the  RAND-36 
(r
2=0.08). Male participants reported a shorter pain reaction in days. 
Discussion 
This  study  found  that  the  onset,  intensity,  and  duration  of  DOMS  can  only 
minimally be predicted after performing work-related tasks using the variables we 
examined. Overall, DOMS was explained for 7% to 13% by the variables included 
in this study. In the past, studies to the effects of sex and age on the onset of 
DOMS  led  to  contradictory  outcomes  [1,4-8].  Variation  in  study  design  and 
participant characteristics has led to different results. The objective of the present 
study was to detect predictors to the onset and perception of exercise induced 
DOMS after FCE. Exertional and non-exertional tests were included because the 
objective of this study focused on DOMS as a result of work-related tasks and not  
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Table 1. Description of cohort and univariate analyses of candidate predictive 
variables  
Mean (sd)  rpb (p) for 
presence of 
pain 
(no/yes; no= 
0) 
r (p) for 
pain 
intensity 
r (p) for 
duration of 
pain 
Age (yrs)  40.9 (10.5)  0.02 (0.81)  -0.23 (0.0)*  -0.07 (0.34) 
Gender   
(N:male/female: male = 0) 
(102/95)   0.23
(0.00)* 
-0.27 (0.00)*  -0.29 (0.00)*
Body length (cm)  176 (9.4)  0.13(0.06)*  -0.16 (0.02)*  -0.10 (0.17)* 
Body weight (kg)  73 (12.4)  0.17(0.02)*  -0.16 (0.02)*  -0.15 (0.04)* 
Baecke score 
1. Work 
2. Sport 
3. Leisure-time 
2.8 (0.7) 
2.8 (0.7) 
3.3 (0.6) 
0.19 (0.01)* 
0.05 (0.51) 
-0.07 (0.29) 
-0.07 (0.32) 
-0.18 (0.01)* 
0.07 (0.33)
-0.07 (0.31) 
-0.07 (0.33) 
0.11 (0.10)* 
Rand-36 
1. Vitality 
2. Mental health 
3. Social functioning 
4. General health perception 
5. Pain 
6. Role limitation (emotional) 
7. Role limitation (physical) 
8. Physical functioning 
9. Health change 
66.0 (13.0)  
70.4 (10.7)  
90.1 (15.1)  
75.5 (16.5)  
91.6 (12.2)  
91.2 (25.8)  
94.2 (17.4)  
96.5 (7.0)  
53.5 (15.4)  
0.00 (0.99) 
-0.10 (0.17)* 
0.03 (0.69) 
0.07 (0.33) 
-0.02 (0.75) 
0.06 (0.44) 
0.12 (0.10)* 
0.00 (0.98) 
0.09 (0.21)* 
-0.36 (0.62) 
-0.35 (0.63) 
-0.36 (0.64) 
-0.10 (0.16)* 
-0.06 (0.40) 
-0.07 (0.35) 
0.01 (0.87) 
-0.06 (0.43) 
-0.14 (0.05)* 
-0.10 (0.16)* 
-0.82 (0.27) 
-0.19 (0.02)* 
-0.09 (0.22)* 
-0.08 (0.28) 
-0.22 (0.00)* 
-0.07 (0.35) 
-0.02 (0.83) 
-0.06 (0.44) 
Performance 
1. Sum score material handling 
(kg) 
2. Sum score static work (sec) 
3. V02max  predicted  
(ml/min/kg) 
93 (34)  
646 (393) 
33.6 (8.0) 
0.25 (0.00)* 
-0.09 (0.22)* 
0.06 (0.41) 
-0.24 (0.00)* 
-0.06 (0.41) 
-0.14 (0.05)* 
-0.14 (0.04)* 
0.07 (0.33) 
-0.03 (0.71) 
Effort 
1. Mean effort score subject 
material handling  
2. Mean effort score evaluator 
material handling  
3. Effort  score  static  work 
subject  
4. Effort score Bruce protocol  
8.0 (1.9) 
  
8.2 (1.4) 
5.2 (1.8)  
4.1 (1.6) 
-0.05 (0.49) 
-0.02 (0.80) 
-0.05 (0.49) 
-0.03 (0.65) 
0.09 (0.19)* 
-0.07 (0.92) 
0.06  (0.83) 
0.03 (0.73) 
0.08 (0.29) 
0.10 (0.15)* 
0.08 (0.26) 
0.04 (0.58)
r= Pearson Correlation Coefficient; =Spearmans Rho; *=Predictors included in the final regression 
model; = Phi coefficient; rpb =  Point biserial correlation coefficient; Baecke Scales range from 1 to 
5; Rand -36 items range from 0 tot 100; Effort was measured by an NRS (0 - ) 
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Table 1. Description of cohort and univariate analyses of candidate predictive 
variables  
Mean (sd)  rpb (p) for 
presence of 
pain 
(no/yes; no= 
0) 
r (p) for 
pain 
intensity 
r (p) for 
duration of 
pain 
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(0.00)* 
-0.27 (0.00)*  -0.29 (0.00)*
Body length (cm)  176 (9.4)  0.13(0.06)*  -0.16 (0.02)*  -0.10 (0.17)* 
Body weight (kg)  73 (12.4)  0.17(0.02)*  -0.16 (0.02)*  -0.15 (0.04)* 
Baecke score 
1. Work 
2. Sport 
3. Leisure-time 
2.8 (0.7) 
2.8 (0.7) 
3.3 (0.6) 
0.19 (0.01)* 
0.05 (0.51) 
-0.07 (0.29) 
-0.07 (0.32) 
-0.18 (0.01)* 
0.07 (0.33)
-0.07 (0.31) 
-0.07 (0.33) 
0.11 (0.10)* 
Rand-36 
1. Vitality 
2. Mental health 
3. Social functioning 
4. General health perception 
5. Pain 
6. Role limitation (emotional) 
7. Role limitation (physical) 
8. Physical functioning 
9. Health change 
66.0 (13.0)  
70.4 (10.7)  
90.1 (15.1)  
75.5 (16.5)  
91.6 (12.2)  
91.2 (25.8)  
94.2 (17.4)  
96.5 (7.0)  
53.5 (15.4)  
0.00 (0.99) 
-0.10 (0.17)* 
0.03 (0.69) 
0.07 (0.33) 
-0.02 (0.75) 
0.06 (0.44) 
0.12 (0.10)* 
0.00 (0.98) 
0.09 (0.21)* 
-0.36 (0.62) 
-0.35 (0.63) 
-0.36 (0.64) 
-0.10 (0.16)* 
-0.06 (0.40) 
-0.07 (0.35) 
0.01 (0.87) 
-0.06 (0.43) 
-0.14 (0.05)* 
-0.10 (0.16)* 
-0.82 (0.27) 
-0.19 (0.02)* 
-0.09 (0.22)* 
-0.08 (0.28) 
-0.22 (0.00)* 
-0.07 (0.35) 
-0.02 (0.83) 
-0.06 (0.44) 
Performance 
1. Sum score material handling 
(kg) 
2. Sum score static work (sec) 
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93 (34)  
646 (393) 
33.6 (8.0) 
0.25 (0.00)* 
-0.09 (0.22)* 
0.06 (0.41) 
-0.24 (0.00)* 
-0.06 (0.41) 
-0.14 (0.05)* 
-0.14 (0.04)* 
0.07 (0.33) 
-0.03 (0.71) 
Effort 
1. Mean effort score subject 
material handling  
2. Mean effort score evaluator 
material handling  
3. Effort  score  static  work 
subject  
4. Effort score Bruce protocol  
8.0 (1.9) 
  
8.2 (1.4) 
5.2 (1.8)  
4.1 (1.6) 
-0.05 (0.49) 
-0.02 (0.80) 
-0.05 (0.49) 
-0.03 (0.65) 
0.09 (0.19)* 
-0.07 (0.92) 
0.06  (0.83) 
0.03 (0.73) 
0.08 (0.29) 
0.10 (0.15)* 
0.08 (0.26) 
0.04 (0.58)
r= Pearson Correlation Coefficient; =Spearmans Rho; *=Predictors included in the final regression 
model; = Phi coefficient; rpb =  Point biserial correlation coefficient; Baecke Scales range from 1 to 
5; Rand -36 items range from 0 tot 100; Effort was measured by an NRS (0 - ) 
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purely  a  test  to  exercise  induced  DOMS.  Sex  was  significantly  related  to  the 
intensity and duration of the pain. However, the relevance of this sex difference is 
at least disputable, because sex only accounts for 4% to 6% of the variance in 
DOMS  onset,  intensity,  and  duration.  No  current  evidence  exists  that  sex 
differences are proven relevant and the present study shows no relevantly different 
results either. A number of studies revealed a sex-age effect in the response to pain 
stimuli [1,6]. Although age and sex contributed no more than 10% to this pain 
intensity, significant findings are present pointing into the direction of a sex-age 
effect. Other hypothesized predictors such as perceived exertion or performance 
variables do not significantly contribute to the variance of onset of DOMS. This 
means that objective and subjective measures cannot explain self-reported DOMS. 
A general pain increase after an FCE has previously been reported in patients with 
chronic low back pain, and also in healthy participants [21-23]. Therefore, before 
this study, it was expected that a pain increase would occur. From the results of 
the present study, it can be concluded that DOMS generally occurs in healthy 
participants and is only minimally related to sex and age. Therefore, therapists are 
advised to take into account that a pain response after FCE is a normal reaction of 
the musculoskeletal system rather than a sign of pathology. 
In contrast to most other studies concerning DOMS, in the present study DOMS 
was not operationally defined by using blood samples. This study did not focus on 
the nociceptive part of pain in relation to physical characteristics, because the 
definition of pain as used by the International Association for the Study of Pain 
was applied: ‘‘pain is an unpleasant sensory and emotional experience associated 
with actual or potential tissue damage [9].’’ Loeser [24] developed a model that 
provides  insight  into  the  multifaceted  character  of  pain.  Perception  of  pain  is 
frequently  triggered  by  a  noxious  stimulus  such  as  an  overload  of  the 
musculoskeletal system, but pain can also occur without nociception. The main 
advantage of studies focusing on nociception is that an objective measure can be 
used for analyses. Nevertheless, no well-defined results for prediction were found 
in  these  studies.  This  may  be  explained  by  the  notion  that  the  subjective 
perception of DOMS is influenced by individual characteristics, such as personal 
and cultural factors or past experience with pain.  The current study, however, 
found no evidence for personal factors such as perceived health status or perceived 
workload  to  be  predictive  to  DOMS.  A  generic  disadvantage  of  self-report 
questionnaires not to be disregarded is the sensitivity to bias as nonresponse but 
also  to  influences  of  psychologic  nature  such  as  motivation,  attention-seeking 
Can muscle soreness following intensive work-related activities be predicted? 
 89
behavior, or social desirability. The self-reported perceived effort, measured by an 
NRS by the participant, could therefore differ from an objective measure. Even so, 
the authors choose to use a self-report questionnaire because of its clarity, because 
participants could take the PRQ home to fill in and because it offered the nearest 
approach to the definition of pain this study was based. 
The  outcome  of  this  research  gains  new  insight  into  preventing  and  treating 
DOMS in the daily practice. In this study, predictive characteristics of DOMS 
remain unpredictive for over 87%. On the basis of this, therapists are advised not 
to  focus  on  potential  risk  groups  for  DOMS.  Neither  personal  characteristics, 
physical activity, perceived effort during the test, performance outcome of the test, 
nor self-reported health can predict DOMS relevantly. We conclude that the onset, 
intensity, and duration of selfreported DOMS can only minimally be predicted 
from sex, age, and other predictors. 
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Abstract 
Objective: To establish normative values for a Functional Capacity Evaluation of 
healthy working subjects.  
Design: Descriptive. 
Setting: Rehabilitation Center.  
Participants: Healthy working subjects between 20 and 60 years of age.  
Interventions: Subjects performed a 2 hour FCE consisting of 12 work-related 
tests.  Subjects  were  classified  into  categories  based  on  physical  demands 
according to the Dictionary of Occupational Titles (DOT).
Main Outcome Measures: Means, ranges, standard deviations and percentiles 
were provided for normative values of FCE as well as a regression analyses for 
outcome of the 12 tests was performed.  
Results: Normative FCE values of 701 healthy working subjects (448 male, 253 
female), working in over 180 professions, were established for 4 physical demand 
categories.  
Conclusion: The normative values enable comparison of patients’ performances 
to these values. If a patient’s performance exceeds the lowest scores in his/her 
corresponding demand category, then the patient’s capacity is very likely to be 
sufficient to meet the workload. Further, clinicians can make more precise return 
to  work  recommendations  and  set  goals  for  rehabilitation  programs.  A 
Comparison of the normative values can be useful to the fields of rehabilitation, 
occupational and insurance medicine. Further research is needed to test validity of 
the normative values with respect to work place assessments and return to work 
recommendations.
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Introduction 
In  rehabilitation,  occupational  and  insurance  medicine,  the  model  of  workload 
(mental and physical task load) and work capacity (ability to execute a task) [1] is 
frequently used in patients suffering from chronic non specific musculoskeletal 
pain.  Following  this  model,  an  imbalance  in  which  workload  exceeds  work 
capacity contributes to the onset and persistence of musculoskeletal pain [2]. A 
balance in which work capacity is at least equal to or exceeds the workload is 
deemed  necessary  to  return  to  work  successfully.  Increase  in  functioning  by 
restoring the balance between workload and work capacity by means of decreasing 
load  and/or  increasing  capacity  is  a  main  treatment  goal  in  occupational 
rehabilitation  programs.  While  this  model  appears  to  be  practical  and  logical, 
supporting evidence for this model remains scarce. One of the reasons may be that 
objectifying  work  capacity  as  well  as  objectifying  workload  in  relation  to 
functioning at work still is practically and scientifically challenging [3;4].  
To  assess  workload,  questionnaires  and  direct  measurements  are  used. 
Questionnaires  can  be  administered  practically  and  at  low  costs,  making 
application attractive. A limitation of questionnaires is that subjects are known to 
report higher workload than can be quantified by direct measurements [5-7]. This 
may severely threaten the validity of the questionnaire. To gain more objective 
data on workload, Work Place Assessments (WPA) can be used. WPA’s, however, 
when performed correctly, are expensive and time consuming. WPA, therefore, is 
often an inappropriate assessment to validly measure workload of an individual 
patient. Summarized, each assessment method has strengths and weaknesses and a 
gold standard for measurement of workload is unavailable. 
Direct measurements on work capacity, as proposed by the model of van Dijk et 
al. [1], can be performed using Functional Capacity Evaluations (FCE). FCEs are 
evaluations designed to measure the capacity to perform activities and are used to 
make recommendations for participation in work while considering the person’s 
body functions and structures, environmental factors, personal factors and health 
status  [8].  FCEs  are  applied  in  rehabilitation,  occupational  and  insurance  [9] 
medicine. In the past few years, there’s growing evidence of the added value and 
psychometric properties of FCEs [10]. FCE may, therefore, be a useful addition to 
the assessments listed above.  
Worldwide,  there  are  many  FCE  protocols,  all  addressing  different  aspects  of 
work capacity or functional capacity. An FCE protocol can be job-specific [11], 
pathology specific [12-14] or be of a more generic  nature addressing multiple 
activities of functioning in daily life. To enable the translation of FCE results into 
a recommendation for work ability, the results can be compared to the physical 
work  demands  which  are  described  in  the  Dictionary  of  Occupational  Titles 
(DOT) [15]. The DOT is a systematic coding scheme and lists 20 physical work 
demands of approximately 20,000 different professions [15]. The DOT classifies 
all  professions  into  5  categories  of  physical  workload,  based  on  intensity  and 
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duration of lifting or carrying and of amount of metabolic equivalents (METS) 
expenditure needed for the job. These categories are: sedentary, light, medium, 
heavy,  very  heavy  [15].  However,  validity  of  the  DOT  has  never  been 
scientifically  tested  nor  has  it  been  based  on  quantitative  work-related  task 
analyses,  but  rather  on  consensus  meetings  of  experts  [3].  Recently,  it  was 
explored whether different outcome measures of the WorkWell protocol for FCE 
could be matched with the work demands of the DOT and if this match between 
work capacity and workload could predict sick leave of patients with Chronic Low 
Back Pain in the year following rehabilitation treatment. It was concluded that the 
results of 7 tests could directly be matched with the work demands of the DOT. 
However, sick leave and work ability after one year follow-up were found not to 
be predictive [4;16].  
When trying to translate data gathered from a FCE into work recommendations 
one has to know whether a specific capacity such as lifting is acceptable and 
sufficient to meet the workload. Additionally, one needs to know the “norms” 
within the specific line of industry in which the patient works [17]. Normative 
values  for  Functional  Capacity  (FC)  may  be  a  step  forward  in  research  and 
practice and narrow the gap between workload and work capacity. They may help 
clinicians to compare the results of a patient’s FC to normative values for patients’ 
specific physical demand category. On the basis of this comparison, clinicians can 
make more accurate return to work (RTW) recommendations and set goals for 
rehabilitation programs. For clinical interpretation, it is assumed that when FC of  
healthy workers is equal to or exceeds their workload, the FC of healthy workers 
may be considered the “norm” to which the FC of patients can be compared. 
Comparing FC to normative values of healthy subjects performing in the same 
category of workload may indicate the following: 
− When FC of patient  lowest valid cut-off point of the relevant norm group: 
FC of patient is sufficient to meet the workload. 
− When FC of patient < lowest valid cut-off point of  the norm group: it is 
unknown  if  patient’s  FC  is  sufficient  to  meet  the  workload.  Additional 
assessment of physical work demands related to capacity may be necessary. 
The advantage of comparing FC to normative values instead of workload is that it 
enables clinicians to screen for potential imbalance between workload and work 
capacity without performing a WPA and to gain additional information concerning 
FC of patients in relation to a norm group. These normative values are to the best 
of our knowledge, unknown or unpublished for any FCE protocol. The aim of this 
study was to gain normative values for an FCE in a sample of healthy workers.  
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Methods 
Subjects 
To collect normative values for the FCE, data of healthy subjects were obtained. 
Included were working subjects between 20 and 60 years of age, working in a 
wide range of professions. Subjects were recruited via local press and personal 
networks.  
Procedures 
Prior to the FCE, subjects filled in a set of questionnaires concerning: 
− General demographics such as gender, age, weight, height, education level 
and work status. 
− Self-reported  health,  assessed  by  means  of  the  Rand-36,  a  generic  health 
measuring scale covering 9 domains of functioning and well being. These are 
vitality, mental health, social functioning, general health perception, pain, role 
limitations (emotional problem), role limitations (physical problem), physical 
functioning and health change [18]. 
− Self-reported  habitual  physical  activity  in  sports,  leisure  time  and  work, 
assessed by means of the Baecke questionnaire [19].  
Risks when performing physical exercise were assessed by means of the Physical 
Activity Readiness Questionnaire (PARQ) [20;21]. The PARQ is a screening list 
consisting  of  7  questions  concerning  risk  factors  for  musculoskeletal  and 
cardiovascular  pathology.  (e.g.  Do  you  feel  pain  in  your  chest  when  you  do 
physical activity?) 
Inclusion criteria were: signing of an informed consent; meeting the criteria of the 
Physical Activity Readiness Questionnaire (PARQ); blood pressure in rest was 
below 159 mmHg (systolic) / 100 mmHg (diastolic) [22]; subjects between 20 and 
60 years of age; working at least 20 hours per week and no absenteeism from work 
because of musculoskeletal complaints for more than two weeks (5%) during one 
year  prior  to  the  FCE.  Upon  completion  of  the  FCE,  subjects  received  their 
personal results, a coupon of € 15,- and travel expenses.   
Subjects  performed  a  two  hour,  12-item  FCE  covering  5  domains  of  physical 
activity. The domains were: material handling, postural tolerance, coordination 
and  repetition,  hand  and  finger  strength  and  energetic  capacity.  After  an 
introduction to general FCE procedures, subjects were verbally instructed on how 
to perform each individual test. Each test was also demonstrated by the evaluator. 
Subjects were allowed to begin the next test when the heart rate (HR) was below 
70%  of  the  age  related  estimated  maximum  HR  (220-age).  Testing  order  was 
fixed. Subjects were individually evaluated by 1 of 15 physical therapy students 
who  had  completed  a  2-day  FCE-training  by  a  licensed  WorkWell  trainer 
specifically  for  this  purpose.  Interrater  reliability  of  the  WorkWell  FCE  has 
previously been found to be excellent [24] and was not calculated for this study. 
However,  students were  trained  until  acceptable  agreement  between  evaluators 
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was reached. This study was approved by the Medical Ethical Committee of the 
University Medical Center Groningen, the Netherlands.  
Functional Capacity Evaluation 
The FCE in this project consisted of 12 tests, based in large (but not fully) on the 
WorkWell FCE [23]. With respect to the WorkWell FCE, the forward bend test 
was adapted by loading the thoracic spine with an additional 5 kg weight and the 
Bruce  treadmill  test  was  included  to  measure  energetic  capacity.  Procedures, 
objectives and psychometric qualities of the tests are listed below.  
Material Handling 
Lifting Low. Objective: capacity of lifting from table to floor. Materials: plastic 
receptacle (40 x 30 x 26 centimeter (cm)). A wall mounted system with adjustable 
shelves and weights of 1.0, 2.0 and 4.0 kilograms (kg). Procedure: five lifts from 
table at 74cm to floor and vice versa in standing position within 90 seconds. Four 
to five weight increments until maximum amount of kg was reached. Test-retest 
reliability: Intraclass Correlation Coefficient (ICC) = 0.81 in low back pain (LBP) 
patients [25] and ICC = 0.95 in healthy subjects [26]. ICF code: d4300. 
Overhead Lifting. Objective: capacity of overhead lifting task. Materials: plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kg. Procedure: five lifts from table (74 cm) to crown 
height  and  vice  versa  in  standing  position  within  90  sec.  Four  to  five  weight 
increments until maximum amount of kg was reached. Test-retest reliability: ICC 
= 0.87 in LBP patients [25] and ICC = 0.89 in healthy subjects [26;27]. ICF code: 
d4300. 
Carrying.  Objective:  capacity  of  two  handed  carrying.    Materials:  plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kg. Procedure: 20 meters carrying at waist height with 
receptacle within 90 sec. Four to five weight increments until maximum amount of 
kg was reached. Test-retest reliability: ICC = 0.81 in LBP patients [25] and ICC = 
0.84 in healthy subjects [26]. ICF code: d4302. 
Postural tolerance 
Overhead  Working.  Objective:  capacity  of  postural  tolerance  of  overhead 
working. Materials: aluminium plate adjustable in height with 20 holes, bolts and 
nuts and two cuff weights of 1.0 kg each. Procedure: standing with hands at crown 
height, manipulating nuts and bolts wearing cuff weights around the wrists. The 
time that position is held was measured (sec). Test- retest reliability: ICC = 0.90 in 
healthy subjects [27]. ICF code: d4158.
Forward  Bending  stand.  Objective:  measure  postural  tolerance  of  forward 
bending. Materials: A wall mounted system with a shelve at 74 cm height. Bolts 
and nuts and one weight of 5.0 kg. Procedure: standing with flexed trunk between 
30 and 60°, manipulating nuts and bolts. Upper thoracic spine is loaded with a 
weight of 5.0 kg, placed between center and shoulder blade at approximately T3. 
The time that position is held was measured (sec). Test- retest reliability without 
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weight: ICC = 0.96 in LBP patients [25] and ICC =  0.93 in healthy subjects [26]. 
ICF code: d4158. 
Coordination and repetitive tasks 
Dynamic  Bending.  Objective:  capacity  of  repetitive  bending  and  reaching. 
Materials: 20 marbles and 2 bowls with a 14-cm diameter positioned at floor and 
crown height. Procedure: standing with knees flexed between 0 and 30°, move 
marbles vertically from floor to crown height as fast as possible. Time needed to 
remove 20 marbles is scored (sec). Test- retest reliability: ICC = 0.72 in LBP 
patients [25] and ICC = 0.45 in healthy subjects [26]. ICF code: d4452.
Repetitive Side Reaching. Objective: capacity of fast repetitive side movements 
of the upper extremity. Materials: 30 marbles and 2 bowls with a 14-cm diameter 
positioned  at  table  height  (74cm).  Procedure:  sitting  with  bowls  on  wingspan 
distance, move marbles horizontally at table height from right to left with right 
arm as fast as possible and vice versa. Time needed to move 30 marbles is scored 
(sec). Test-retest reliability: ICC = 0.45 to 0.64 in LBP patients [25]. ICC = 0.54 
to 0.72 in healthy subjects [26]. ICF code: d4452.
Fingertip Dexterity. Objective: capacity of fingertip dexterity. Materials: Purdue 
Pegboard (Model #32020, Lafayette IN). Procedure: sitting subject in front of the 
pegboard, placing pins with left and right hand as fast as possible in a 30 sec trial. 
Average  number  of pins placed  in 30  sec  over  three  trials  in  both hands  was 
scored. Test-retest reliability in three trial score ranged from ICC = 0.73 to 0.91 in 
healthy subjects [27;28]. ICF code: d4458. 
Hand  and  Forearm  Dexterity.  Objective:  gross  movement  coordination  of 
fingers,  hands  and  arms.  Materials:  a  Complete  Minnesota  Dexterity  Test 
(Lafayette IN.). Procedure: sitting subject displacing 59 blocks in a pre determined 
way as fast as possible. Total displacing time needed to perform four trials with 
both hands was scored. Reliability: Four trial reliability in healthy subjects ranged 
from 0.77 to 0.98 [27;29;30]. ICF code: d4458.  
Hand and finger strength 
Handgrip  Strength.  Objective:  isometric  grip  strength.  Materials:  a  hand 
dynamometer (Jamar PC 5030, Preston Corporation, 1994). Procedure: in a seated 
position, the subjects held their shoulder adducted and neutrally rotated, elbow 
flexed at approximately 90° and the forearm and wrist in neutral position [31-33]. 
Grip strength of the right and left hand was measured in a three trial procedure. 
Only the second handgrip position will be reported in this paper. Average amount 
of kgF was scored. Test-retest reliability: ICC > 0.93 [31]. ICF code: d4400 / 
s73022. 
Finger  Strength.  Objective:  isometric  tip,  key  and  palmar  pinch  strength. 
Materials:  a  pinch-grip  dynamometer  (Preston  Pinch  Gauge;  J.A.  Preston 
Corporation).  Procedure:  in  a  seated  position,  the  subjects  held  their  shoulder 
adducted and neutrally rotated, elbow flexed at approximately 90°, the forearm 
and wrist in neutral position [31;32]. For the tip pinch, subjects pinched for 3 
seconds  with  index  finger  above  thumb.  Facilitation  of  middle  finger  was  not 
permitted. Palmar strength was measured with both index and middle finger on top 
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was reached. This study was approved by the Medical Ethical Committee of the 
University Medical Center Groningen, the Netherlands.  
Functional Capacity Evaluation 
The FCE in this project consisted of 12 tests, based in large (but not fully) on the 
WorkWell FCE [23]. With respect to the WorkWell FCE, the forward bend test 
was adapted by loading the thoracic spine with an additional 5 kg weight and the 
Bruce  treadmill  test  was  included  to  measure  energetic  capacity.  Procedures, 
objectives and psychometric qualities of the tests are listed below.  
Material Handling 
Lifting Low. Objective: capacity of lifting from table to floor. Materials: plastic 
receptacle (40 x 30 x 26 centimeter (cm)). A wall mounted system with adjustable 
shelves and weights of 1.0, 2.0 and 4.0 kilograms (kg). Procedure: five lifts from 
table at 74cm to floor and vice versa in standing position within 90 seconds. Four 
to five weight increments until maximum amount of kg was reached. Test-retest 
reliability: Intraclass Correlation Coefficient (ICC) = 0.81 in low back pain (LBP) 
patients [25] and ICC = 0.95 in healthy subjects [26]. ICF code: d4300. 
Overhead Lifting. Objective: capacity of overhead lifting task. Materials: plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kg. Procedure: five lifts from table (74 cm) to crown 
height  and  vice  versa  in  standing  position  within  90  sec.  Four  to  five  weight 
increments until maximum amount of kg was reached. Test-retest reliability: ICC 
= 0.87 in LBP patients [25] and ICC = 0.89 in healthy subjects [26;27]. ICF code: 
d4300. 
Carrying.  Objective:  capacity  of  two  handed  carrying.    Materials:  plastic 
receptacle (40 x 30 x 26 cm). A wall mounted system with adjustable shelves and 
weights of 1.0, 2.0 and 4.0 kg. Procedure: 20 meters carrying at waist height with 
receptacle within 90 sec. Four to five weight increments until maximum amount of 
kg was reached. Test-retest reliability: ICC = 0.81 in LBP patients [25] and ICC = 
0.84 in healthy subjects [26]. ICF code: d4302. 
Postural tolerance 
Overhead  Working.  Objective:  capacity  of  postural  tolerance  of  overhead 
working. Materials: aluminium plate adjustable in height with 20 holes, bolts and 
nuts and two cuff weights of 1.0 kg each. Procedure: standing with hands at crown 
height, manipulating nuts and bolts wearing cuff weights around the wrists. The 
time that position is held was measured (sec). Test- retest reliability: ICC = 0.90 in 
healthy subjects [27]. ICF code: d4158.
Forward  Bending  stand.  Objective:  measure  postural  tolerance  of  forward 
bending. Materials: A wall mounted system with a shelve at 74 cm height. Bolts 
and nuts and one weight of 5.0 kg. Procedure: standing with flexed trunk between 
30 and 60°, manipulating nuts and bolts. Upper thoracic spine is loaded with a 
weight of 5.0 kg, placed between center and shoulder blade at approximately T3. 
The time that position is held was measured (sec). Test- retest reliability without 
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weight: ICC = 0.96 in LBP patients [25] and ICC =  0.93 in healthy subjects [26]. 
ICF code: d4158. 
Coordination and repetitive tasks 
Dynamic  Bending.  Objective:  capacity  of  repetitive  bending  and  reaching. 
Materials: 20 marbles and 2 bowls with a 14-cm diameter positioned at floor and 
crown height. Procedure: standing with knees flexed between 0 and 30°, move 
marbles vertically from floor to crown height as fast as possible. Time needed to 
remove 20 marbles is scored (sec). Test- retest reliability: ICC = 0.72 in LBP 
patients [25] and ICC = 0.45 in healthy subjects [26]. ICF code: d4452.
Repetitive Side Reaching. Objective: capacity of fast repetitive side movements 
of the upper extremity. Materials: 30 marbles and 2 bowls with a 14-cm diameter 
positioned  at  table  height  (74cm).  Procedure:  sitting  with  bowls  on  wingspan 
distance, move marbles horizontally at table height from right to left with right 
arm as fast as possible and vice versa. Time needed to move 30 marbles is scored 
(sec). Test-retest reliability: ICC = 0.45 to 0.64 in LBP patients [25]. ICC = 0.54 
to 0.72 in healthy subjects [26]. ICF code: d4452.
Fingertip Dexterity. Objective: capacity of fingertip dexterity. Materials: Purdue 
Pegboard (Model #32020, Lafayette IN). Procedure: sitting subject in front of the 
pegboard, placing pins with left and right hand as fast as possible in a 30 sec trial. 
Average  number  of pins placed  in 30  sec  over  three  trials  in  both hands  was 
scored. Test-retest reliability in three trial score ranged from ICC = 0.73 to 0.91 in 
healthy subjects [27;28]. ICF code: d4458. 
Hand  and  Forearm  Dexterity.  Objective:  gross  movement  coordination  of 
fingers,  hands  and  arms.  Materials:  a  Complete  Minnesota  Dexterity  Test 
(Lafayette IN.). Procedure: sitting subject displacing 59 blocks in a pre determined 
way as fast as possible. Total displacing time needed to perform four trials with 
both hands was scored. Reliability: Four trial reliability in healthy subjects ranged 
from 0.77 to 0.98 [27;29;30]. ICF code: d4458.  
Hand and finger strength 
Handgrip  Strength.  Objective:  isometric  grip  strength.  Materials:  a  hand 
dynamometer (Jamar PC 5030, Preston Corporation, 1994). Procedure: in a seated 
position, the subjects held their shoulder adducted and neutrally rotated, elbow 
flexed at approximately 90° and the forearm and wrist in neutral position [31-33]. 
Grip strength of the right and left hand was measured in a three trial procedure. 
Only the second handgrip position will be reported in this paper. Average amount 
of kgF was scored. Test-retest reliability: ICC > 0.93 [31]. ICF code: d4400 / 
s73022. 
Finger  Strength.  Objective:  isometric  tip,  key  and  palmar  pinch  strength. 
Materials:  a  pinch-grip  dynamometer  (Preston  Pinch  Gauge;  J.A.  Preston 
Corporation).  Procedure:  in  a  seated  position,  the  subjects  held  their  shoulder 
adducted and neutrally rotated, elbow flexed at approximately 90°, the forearm 
and wrist in neutral position [31;32]. For the tip pinch, subjects pinched for 3 
seconds  with  index  finger  above  thumb.  Facilitation  of  middle  finger  was  not 
permitted. Palmar strength was measured with both index and middle finger on top 
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and  thumb  below  the  dynamometer.  Key  strength  was  measured  using  pinch 
strength of thumb on top. Strength of right and left fingers was measured in a three 
trial procedure. Average KgF was scored. Test- retest reliability: ICC > 0.76 in 
healthy subjects [27]. ICF code: d4400 / s73022. 
Energetic capacity 
Energetic Capacity: Objective: To predict the maximum oxygen consumption 
(presented in Metabolic Equivalents (METS)) by sub-maximal Bruce treadmill 
test  (34).  Materials:  Treadmill  with  a  slope  capacity  of  22%  and  a  heart  rate 
monitor. Procedure: the treadmill is set up with the Stage 1 speed (2.7) km/hr and 
grade of slope (10%) and the subject commences the tests. Every 3 minutes, slope 
and speed  are  adjusted  following  the  Bruce  protocol.  Test  is  terminated  when 
subject’s 85% of age related max is reached.  Prediction of VO2max was done 
according  to  the  following  formula:  METS  =  [16.62  +  2.74  (1.17  minutes  of 
exercise) – 2.584 (weighting factor for sex) – 0.043 (years of age) – 0.0281 (kg 
body weight)] / 3.5, where weighting factor for sex is 1 for men and 2 for women 
[35]. Test-retest reliability: r = 0.99 in healthy subjects [35]. ICF code: b4551. 
Test termination criteria 
Tests were terminated in one of the following situations (whichever came first):  
− Cardiac endpoint: reached when HR was above 85% of age related estimated 
maximum (220-age). HR was measured with a heart rate monitor.  
− Biomechanical endpoints: reached when loss of solid standing basis during 
lifting tasks or loss of control of the load were observed [24]. Biomechanical 
endpoints were determined by the evaluators.  
− Subject  endpoints:  reached  when  subjects  stopped  the  test.  Subjects  were 
allowed and instructed to stop at any point they wished. 
Analyses 
Subjects were classified into four categories of workload following the physical 
demands used in the DOT (sedentary, light, medium and heavy/very heavy). The 
physical demands were classified according to the criteria presented in Table 1. 
Examples  of  professions  classified  in  the  DOT  are  provided  in  Table  1.  The 
workload categories ‘heavy’ and ‘very heavy’ were merged because the number of 
inclusions of subjects working in these demand categories was expected to be 
small. In order to provide normative values, means, ranges, standard deviations 
and percentiles were calculated. Additionally, linear regression analyses (method 
enter)  were  performed  with  test  results  as  outcome  variables  and  gender 
(female=0, male=1), age (yrs), height (cm), weight (kg) and DOT categories as 
predictor variables. DOT categories 2, 3 and 4 were entered as dummy variables in 
the regression equation. 
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Table 1. Physical demand characteristics of work 
Physical demand level  Occasional* 
0 – 33% of the 
workday 
Frequent* 
34 – 66% of the 
workday 
Constant* 
67-100% of the 
workday 
DOT 1: Sedentary  4.5 kg.  Negligible  Negligible 
DOT 2: Light  9.1 kg.  4.5 kg. †  Negligible 
DOT 3: Medium  22.7 kg.  9.1 kg.  4.5 kg. 
DOT 4: Heavy/very heavy  45.4 kg.  22.7 kg.  9.1 kg. 
*Amount of force exerted to lift, carry, push, pull, or otherwise move objects, including the human 
body;  †  and/or  walk/Stand/Push/Pull  of  Arm/Leg  controls.  Examples:  DOT  1:    medical  secretary, 
manager branch (any industry), clinical psychologist; DOT 2: teacher elementary school, receptionist, 
computer operator. DOT 3: nurse (general duty), maintenance engineer (any industry), carpenter, car 
mechanic. DOT 4: baker, bricklayer, farm worker general. 
Results   
Subjects 
A total of 701 subjects were included in this study (448 men, 253 women). These 
subjects  represented  over  180  different  professions.  No  female  subjects  were 
identified  who  were  working  in  the  DOT  category  4;  ‘Heavy/very  heavy’. 
Characteristics of the subjects are presented in Table 2.  
Material Handling 
The domain material handling consisted of three different tests: lifting low, lifting 
high and carrying. 
The results of these tests are presented in Table 3.1.  
Postural Tolerance. 
The domain Postural Tolerance consisted of two tests: the Overhead Work Test 
and the Forward Bending Test. Results are presented in Table 3.2.  
Coordination and Repetition. 
The domain Coordination and Repetition consisted of 4 tests: the Purdue Pegboard 
Task, Repetitive Side Reach Test, Dynamic Bending and the Complete Minnesota 
Dexterity Test. Results are presented in Table 3.3. 
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workload categories ‘heavy’ and ‘very heavy’ were merged because the number of 
inclusions of subjects working in these demand categories was expected to be 
small. In order to provide normative values, means, ranges, standard deviations 
and percentiles were calculated. Additionally, linear regression analyses (method 
enter)  were  performed  with  test  results  as  outcome  variables  and  gender 
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34 – 66% of the 
workday 
Constant* 
67-100% of the 
workday 
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high and carrying. 
The results of these tests are presented in Table 3.1.  
Postural Tolerance. 
The domain Postural Tolerance consisted of two tests: the Overhead Work Test 
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Table 3.3. Normative values for repetitive and coordinative tests for the different 
DOT categories 
Purdue Pegboard Task (sec)*
DOT 1  DOT 2  DOT 3  DOT 4 
Right  15.3 (1.5) 
Mean (sd)  Left 
16.6 (1.9) 
15.9 (1.6) 
16.1 (2.0) 
15.4 (1.7) 
15.9 (1.9) 
15.2 (1.6)  15.2 (1.6) 
Right  11.7 – 18.0 
Range  Left 
12.3 – 23.3 
11.7 – 20.3 
11.0 – 21.3 
10.7 – 21.3 
9.7 – 20.3 
9.7 – 20.3  11.7 – 18.3 
Right  11.7 
Percentiles 1  Left 
12.4 
11.8 
11.4 
11.0 
10.4 
11.0  11.7 
Right  12.4 
5  Left 
13.6 
13.7 
12.7 
12.2 
12.4 
12.3  11.8 
Right  12.9 
10  Left 
14.0 
14.0 
13.3 
13.0 
13.7 
13.0  12.7 
Right  13.7 
20  Left 
15.3 
14.6 
14.3 
14.0 
14.7 
13.7  14.1 
Right  14.7 
30  Left 
15.7 
15.0 
15.3 
14.7 
15.0 
14.3  14.3 
Right  15.0 
40  Left 
16.0 
15.3 
15.7 
15.0 
15.7 
14.7  14.8 
Right  15.3 
50  Left 
16.7 
15.7 
16.0 
15.7 
16.0 
15.3  15.3 
Right  16.0 
60  Left 
17.0 
16.1 
16.7 
16.0 
16.3 
15.7  15.9 
Right  16.3 
70  Left 
17.7 
16.7 
17.3 
16.4 
16.8 
16.0  16.0 
Right  16.3 
80  Left 
18.1 
17.1 
18.0 
17.0 
17.7 
16.3  16.3 
Right  17.1 
90  Left 
18.7 
18.0 
18.3 
17.3 
18.2 
17.0  17.3 
Right  17.6 
95  Left 
19.4 
18.7 
19.3 
17.7 
18.7 
18.0  17.7 
Right  18.0 
99  Left 
22.9 
20.3 
20.7 
20.2 
19.7 
19.0  18.3 T
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Table 3.3. Normative values for repetitive and coordinative tests for the different 
DOT categories 
Purdue Pegboard Task (sec)*
DOT 1  DOT 2  DOT 3  DOT 4 
Right  15.3 (1.5) 
Mean (sd)  Left 
16.6 (1.9) 
15.9 (1.6) 
16.1 (2.0) 
15.4 (1.7) 
15.9 (1.9) 
15.2 (1.6)  15.2 (1.6) 
Right  11.7 – 18.0 
Range  Left 
12.3 – 23.3 
11.7 – 20.3 
11.0 – 21.3 
10.7 – 21.3 
9.7 – 20.3 
9.7 – 20.3  11.7 – 18.3 
Right  11.7 
Percentiles 1  Left 
12.4 
11.8 
11.4 
11.0 
10.4 
11.0  11.7 
Right  12.4 
5  Left 
13.6 
13.7 
12.7 
12.2 
12.4 
12.3  11.8 
Right  12.9 
10  Left 
14.0 
14.0 
13.3 
13.0 
13.7 
13.0  12.7 
Right  13.7 
20  Left 
15.3 
14.6 
14.3 
14.0 
14.7 
13.7  14.1 
Right  14.7 
30  Left 
15.7 
15.0 
15.3 
14.7 
15.0 
14.3  14.3 
Right  15.0 
40  Left 
16.0 
15.3 
15.7 
15.0 
15.7 
14.7  14.8 
Right  15.3 
50  Left 
16.7 
15.7 
16.0 
15.7 
16.0 
15.3  15.3 
Right  16.0 
60  Left 
17.0 
16.1 
16.7 
16.0 
16.3 
15.7  15.9 
Right  16.3 
70  Left 
17.7 
16.7 
17.3 
16.4 
16.8 
16.0  16.0 
Right  16.3 
80  Left 
18.1 
17.1 
18.0 
17.0 
17.7 
16.3  16.3 
Right  17.1 
90  Left 
18.7 
18.0 
18.3 
17.3 
18.2 
17.0  17.3 
Right  17.6 
95  Left 
19.4 
18.7 
19.3 
17.7 
18.7 
18.0  17.7 
Right  18.0 
99  Left 
22.9 
20.3 
20.7 
20.2 
19.7 
19.0  18.3 
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Table 3.3. Continued 
Side reach test (sec)
DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right  72 (12)  73 (12)  76 (11)  76 (10) 
Left  73 (11)  74 (11)  76 (11)  77 (11) 
Range  Right  49 – 118  53 – 124  51 – 116  59 – 103 
Left  49 – 133  53 – 116  53 – 110  57 – 110 
Percentiles 1  Right  116  118  114  103 
Left  125  108  105  110 
5  Right  94  94  97  93 
Left  93  95  98  98 
10  Right  87  87  91  90 
Left  86  89  91  92 
20  Right  81  82  84  87 
Left  80  82  85  85 
30  Right  77  78  80  82 
Left  78  78  81  80 
40  Right  75  74  78  77 
Left  74  76  78  79 
50  Right  71  71  75  75 
Left  70  73  75  77 
60  Right  68  69  73  71 
Left  69  70  73  72 
70  Right  66  67  70  69 
Left  67  67  70  70 
80  Right  62  63  67  67 
Left  64  65  67  66 
90  Right  60  60  63  65 
Left  59  61  63  64 
95  Right  54  57  60  64 
Left  56  58  60  62 
99  Right  49  53  52  59 
Left  50  54  55  57 
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Table 3.3. Continued 
Dynamic Bending (sec) 
DOT 1  DOT 2   DOT 3  DOT 4 
Mean (sd)  45 (6)  45 (6)  47 (6)  45 (5) 
Range  35 – 65  33 – 72  32 – 76  36 – 58 
Percentiles         
1  64  67  71  58 
5  55  56  60  55 
10  52  52  55  51 
20  49  49  51  49 
30  46  47  49  47 
40  45  45  47  45 
50  44  44  46  45 
60  43  43  45  43 
70  41  41  42  43 
80  40  40  41  41 
90  38  38  39  39 
95  37  37  37  38 
99  35  34  34  36 
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Table 3.3. Continued 
Side reach test (sec)
DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right  72 (12)  73 (12)  76 (11)  76 (10) 
Left  73 (11)  74 (11)  76 (11)  77 (11) 
Range  Right  49 – 118  53 – 124  51 – 116  59 – 103 
Left  49 – 133  53 – 116  53 – 110  57 – 110 
Percentiles 1  Right  116  118  114  103 
Left  125  108  105  110 
5  Right  94  94  97  93 
Left  93  95  98  98 
10  Right  87  87  91  90 
Left  86  89  91  92 
20  Right  81  82  84  87 
Left  80  82  85  85 
30  Right  77  78  80  82 
Left  78  78  81  80 
40  Right  75  74  78  77 
Left  74  76  78  79 
50  Right  71  71  75  75 
Left  70  73  75  77 
60  Right  68  69  73  71 
Left  69  70  73  72 
70  Right  66  67  70  69 
Left  67  67  70  70 
80  Right  62  63  67  67 
Left  64  65  67  66 
90  Right  60  60  63  65 
Left  59  61  63  64 
95  Right  54  57  60  64 
Left  56  58  60  62 
99  Right  49  53  52  59 
Left  50  54  55  57 
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Table 3.3. Continued 
Dynamic Bending (sec) 
DOT 1  DOT 2   DOT 3  DOT 4 
Mean (sd)  45 (6)  45 (6)  47 (6)  45 (5) 
Range  35 – 65  33 – 72  32 – 76  36 – 58 
Percentiles         
1  64  67  71  58 
5  55  56  60  55 
10  52  52  55  51 
20  49  49  51  49 
30  46  47  49  47 
40  45  45  47  45 
50  44  44  46  45 
60  43  43  45  43 
70  41  41  42  43 
80  40  40  41  41 
90  38  38  39  39 
95  37  37  37  38 
99  35  34  34  36 
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Table 3.3. Continued
Complete Minnesota Dexterity Test (sec) †
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
176 (21) 
183 (20) 
182 (23) 
191 (24) 
184 (24) 
194 (24) 
188 (22) 
193 (22) 
Range  Right 
Left 
125 – 250 
139 – 234 
134 – 257 
126 – 271 
138 – 306 
138 – 303 
153 – 250 
153 – 275 
Percentiles 
1  Right  248  244  272  250 
Left  234  266  275  275 
5  Right 
Left 
217 
221 
228 
236 
226 
235 
234 
232 
10  Right 
Left 
204 
210 
214 
221 
211 
220 
219 
218 
20  Right 
Left 
191 
197 
199 
208 
202 
211 
205 
210 
30  Right 
Left 
183 
193 
190 
200 
192 
204 
192 
201 
40  Right 
Left 
179 
186 
184 
194 
186 
196 
188 
195 
50  Right 
Left 
175 
180 
179 
189 
181 
191 
186 
191 
60  Right 
Left 
169 
176 
174 
182 
176 
187 
181 
187 
70  Right 
Left 
165 
171 
167 
177 
170 
182 
178 
183 
80  Right 
Left 
158 
165 
162 
172 
166 
175 
168 
172 
90  Right 
Left 
152 
159 
156 
165 
157 
167 
160 
167 
95  Right 
Left 
146 
150 
150 
159 
154 
161 
155 
165 
99  Right 
Left 
126 
139 
141 
141 
140 
150 
153 
153 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *mean time of 
three trials. † total time of four trials. 
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Hand Strength 
The  domain  Hand  Strength  consisted  of  two  tests:  isometric  grip  and  finger 
strength. Results are presented in Table 3.4. 
Table 3.4. Normative values for hand and finger strength for the different DOT 
categories 
Handgrip strength (kg)*
  DOT 1  DOT 2  DOT 3  DOT 4 
Right 
Mean (sd)  Left 
40.8 (12.2) 
38.4 (12.5) 
42.3 (11.7) 
39.5 (12.0) 
43.7 (12.0) 
41.3 (11.7) 
54.1 (11.2) 
53.3 (11.6) 
Right 
Range  Left 
19.0 – 73.3 
15.0 – 71.0 
19.7 – 69.3 
19.0 – 68.0 
20.6 – 72 
18.7 – 71.3 
29.3 – 80.3 
26.0 – 91.3 
Percentiles           
Right  29.3  1  Left 
19.2 
15.4 
21.3 
19.8 
21.3 
18.7  26.0 
Right  32.8 
5  Left 
23.3 
21.3 
25.5 
22.3 
24.7 
22.0  32.2 
Right  40.5 
10  Left 
26.0 
24.7 
27.7 
24.3 
27.3 
25.7  40.3 
Right  44.6 
20  Left 
31.0 
27.9 
30.0 
28.0 
32.5 
29.9  43.3 
Right  48.7 
30  Left 
32.7 
29.9 
33.7 
31.0 
35.7 
33.3  47.9 
Right  51.2 
40  Left 
34.7 
32.7 
37.7 
33.7 
40.4 
37.7  49.1 
Right  54.0 
50  Left 
37.8 
34.3 
41.7 
38.0 
43.7 
42.0  52.0 
Right  56.9 
60  Left 
43.7 
39.5 
45.7 
42.0 
47.3 
46.0  56.0 
Right  59.7 
70  Left 
48.1 
46.8 
50.0 
46.7 
50..8 
48.7  60.2 
Right  62.3 
80  Left 
51.7 
50.3 
54.3 
52.3 
55.0 
52.1  61.0 
Right  68.4 
90  Left 
60.0 
54.8 
58.3 
56.7 
59.7 
57.0  67.6 
Right  76.7 
95  Left 
62.0 
61.1 
62.0 
59.8 
63.4 
59.3  70.2 
Right  80.3 
99  Left 
72.6 
70.6 
67.4 
66.1 
69.1 
66.3  91.3 
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Table 3.3. Continued
Complete Minnesota Dexterity Test (sec) †
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
176 (21) 
183 (20) 
182 (23) 
191 (24) 
184 (24) 
194 (24) 
188 (22) 
193 (22) 
Range  Right 
Left 
125 – 250 
139 – 234 
134 – 257 
126 – 271 
138 – 306 
138 – 303 
153 – 250 
153 – 275 
Percentiles 
1  Right  248  244  272  250 
Left  234  266  275  275 
5  Right 
Left 
217 
221 
228 
236 
226 
235 
234 
232 
10  Right 
Left 
204 
210 
214 
221 
211 
220 
219 
218 
20  Right 
Left 
191 
197 
199 
208 
202 
211 
205 
210 
30  Right 
Left 
183 
193 
190 
200 
192 
204 
192 
201 
40  Right 
Left 
179 
186 
184 
194 
186 
196 
188 
195 
50  Right 
Left 
175 
180 
179 
189 
181 
191 
186 
191 
60  Right 
Left 
169 
176 
174 
182 
176 
187 
181 
187 
70  Right 
Left 
165 
171 
167 
177 
170 
182 
178 
183 
80  Right 
Left 
158 
165 
162 
172 
166 
175 
168 
172 
90  Right 
Left 
152 
159 
156 
165 
157 
167 
160 
167 
95  Right 
Left 
146 
150 
150 
159 
154 
161 
155 
165 
99  Right 
Left 
126 
139 
141 
141 
140 
150 
153 
153 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *mean time of 
three trials. † total time of four trials. 
Normative values for a Functional Capacity Evaluation 
109
Hand Strength 
The  domain  Hand  Strength  consisted  of  two  tests:  isometric  grip  and  finger 
strength. Results are presented in Table 3.4. 
Table 3.4. Normative values for hand and finger strength for the different DOT 
categories 
Handgrip strength (kg)*
  DOT 1  DOT 2  DOT 3  DOT 4 
Right 
Mean (sd)  Left 
40.8 (12.2) 
38.4 (12.5) 
42.3 (11.7) 
39.5 (12.0) 
43.7 (12.0) 
41.3 (11.7) 
54.1 (11.2) 
53.3 (11.6) 
Right 
Range  Left 
19.0 – 73.3 
15.0 – 71.0 
19.7 – 69.3 
19.0 – 68.0 
20.6 – 72 
18.7 – 71.3 
29.3 – 80.3 
26.0 – 91.3 
Percentiles           
Right  29.3  1  Left 
19.2 
15.4 
21.3 
19.8 
21.3 
18.7  26.0 
Right  32.8 
5  Left 
23.3 
21.3 
25.5 
22.3 
24.7 
22.0  32.2 
Right  40.5 
10  Left 
26.0 
24.7 
27.7 
24.3 
27.3 
25.7  40.3 
Right  44.6 
20  Left 
31.0 
27.9 
30.0 
28.0 
32.5 
29.9  43.3 
Right  48.7 
30  Left 
32.7 
29.9 
33.7 
31.0 
35.7 
33.3  47.9 
Right  51.2 
40  Left 
34.7 
32.7 
37.7 
33.7 
40.4 
37.7  49.1 
Right  54.0 
50  Left 
37.8 
34.3 
41.7 
38.0 
43.7 
42.0  52.0 
Right  56.9 
60  Left 
43.7 
39.5 
45.7 
42.0 
47.3 
46.0  56.0 
Right  59.7 
70  Left 
48.1 
46.8 
50.0 
46.7 
50..8 
48.7  60.2 
Right  62.3 
80  Left 
51.7 
50.3 
54.3 
52.3 
55.0 
52.1  61.0 
Right  68.4 
90  Left 
60.0 
54.8 
58.3 
56.7 
59.7 
57.0  67.6 
Right  76.7 
95  Left 
62.0 
61.1 
62.0 
59.8 
63.4 
59.3  70.2 
Right  80.3 
99  Left 
72.6 
70.6 
67.4 
66.1 
69.1 
66.3  91.3 
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Table 3.4. Continued 
Tip pinch strength (kg)*
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
5.2 (1.7) 
5.0 (1.7) 
5.6 (1.7) 
5.4 (1.7) 
5.3 (1.6) 
5.1 (1.7) 
6.4 (1.9) 
6.7 (1.8) 
Range  Right 
Left 
1.8 – 9.0 
2.1 – 9.7 
1.3 – 11.7 
1,5 – 11.0 
1.5 – 10.5 
1.5 – 12.7 
0.5 – 12.7 
0.8 – 11.8 
Percentiles           
1  Right 
Left 
1.9 
2.2 
1.9 
1.7 
2.0 
1.7 
0.5 
0.8 
5  Right 
Left 
2.7 
2.5 
3.0 
2.9 
2.7 
2.3 
4.5 
3.9 
10  Right 
Left 
3.2 
2.9 
3.5 
3.2 
3.2 
3.0 
4.8 
4.6 
20  Right 
Left 
3.7 
3.6 
4.2 
4.0 
3.8 
3.6 
5.0 
5.3 
30  Right 
Left 
4.2 
4.0 
4.7 
4.3 
4.3 
4.2 
5.3 
6.0 
40  Right 
Left 
4.5 
4.3 
5.0 
4.8 
4.8 
4.5 
5.9 
6.4 
50  Right 
Left 
4.8 
5.0 
5.5 
5.2 
5.2 
5.0 
6.3 
6.8 
60  Right 
Left 
5.7 
5.3 
6.0 
5.7 
5.7 
5.3 
6.7 
7.1 
70  Right 
Left 
6.2 
5.8 
6.5 
6.3 
6.0 
5.8 
7.0 
7.5 
80  Right 
Left 
6.8 
6.5 
7.0 
6.8 
6.5 
6.3 
7.6 
8.1 
90  Right 
Left 
7.6 
7.2 
7.7 
7.7 
7.3 
7.2 
8.6 
8.4 
95  Right 
Left 
8.2 
8.4 
8.1 
8.3 
8.0 
8.0 
9.9 
9.8 
99  Right 
Left 
9.0 
9.6 
11.1 
10.7 
10.3 
10.0 
12.7 
11.8 
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Table 3.4. Continued 
Palmar pinch strength (kg)*
  DOT 1  DOT 2  DOT 3  DOT 4 
Right 
Mean (sd)  Left 
7.7 (2.0) 
7.2 (2.0) 
8.0 (2.0) 
7.6 (2.0 
7.5 (2.0) 
7.1 (2.0) 
8.9 (2.0) 
8.9 (2.1) 
Right 
Range  Left 
3.7 – 14.3 
2.8 – 12.5 
2.7 – 13.0 
3.0 – 13.0 
2.3 – 13.3 
2.0 – 13.0 
2.5 – 12.5 
2.7 – 13 
Percentiles           
Right  1  Left 
3.7 
2.9 
3.5 
3.7 
2.5 
3.0 
2.5 
2.7 
Right 
5  Left 
4.3 
3.8 
5.0 
4.6 
4.2 
3.8 
5.4 
5.5 
Right 
10  Left 
5.2 
4.7 
5.5 
5.2 
5.1 
4.5 
6.8 
6.2 
Right 
20  Left 
6.0 
5.5 
6.2 
5.8 
5.8 
5.5 
7.2 
6.9 
Right 
30  Left 
6.3 
6.1 
6.7 
6.5 
6.5 
6.0 
7.8 
7.3 
Right 
40  Left 
6.8 
6.7 
7.2 
7.0 
7.0 
6.7 
8.3 
9.1 
Right 
50  Left 
7.5 
7.2 
7.8 
7.5 
7.5 
7.2 
8.5 
9.5 
Right 
60  Left 
8.0 
7.7 
8.5 
7.8 
7.8 
7.7 
9.5 
9.7 
Right 
70  Left 
8.7 
8.0 
9.0 
8.5 
8.3 
8.0 
10.4 
10.2 
Right 
80  Left 
9.3 
9.2 
9.7 
9.3 
9.0 
8.7 
10.8 
10.7 
Right 
90  Left 
10.4 
10.1 
11.0 
10.5 
10.1 
9.7 
11.5 
11.4 
Right 
95  Left 
11.1 
10.9 
11.3 
10.9 
11.0 
10.8 
12.3 
11.6 
Right 
99  Left 
14.0 
12.3 
12.6 
12.5 
12.5 
12.2 
12.5 
13.0 
110Chapter 7 
110
Table 3.4. Continued 
Tip pinch strength (kg)*
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
5.2 (1.7) 
5.0 (1.7) 
5.6 (1.7) 
5.4 (1.7) 
5.3 (1.6) 
5.1 (1.7) 
6.4 (1.9) 
6.7 (1.8) 
Range  Right 
Left 
1.8 – 9.0 
2.1 – 9.7 
1.3 – 11.7 
1,5 – 11.0 
1.5 – 10.5 
1.5 – 12.7 
0.5 – 12.7 
0.8 – 11.8 
Percentiles           
1  Right 
Left 
1.9 
2.2 
1.9 
1.7 
2.0 
1.7 
0.5 
0.8 
5  Right 
Left 
2.7 
2.5 
3.0 
2.9 
2.7 
2.3 
4.5 
3.9 
10  Right 
Left 
3.2 
2.9 
3.5 
3.2 
3.2 
3.0 
4.8 
4.6 
20  Right 
Left 
3.7 
3.6 
4.2 
4.0 
3.8 
3.6 
5.0 
5.3 
30  Right 
Left 
4.2 
4.0 
4.7 
4.3 
4.3 
4.2 
5.3 
6.0 
40  Right 
Left 
4.5 
4.3 
5.0 
4.8 
4.8 
4.5 
5.9 
6.4 
50  Right 
Left 
4.8 
5.0 
5.5 
5.2 
5.2 
5.0 
6.3 
6.8 
60  Right 
Left 
5.7 
5.3 
6.0 
5.7 
5.7 
5.3 
6.7 
7.1 
70  Right 
Left 
6.2 
5.8 
6.5 
6.3 
6.0 
5.8 
7.0 
7.5 
80  Right 
Left 
6.8 
6.5 
7.0 
6.8 
6.5 
6.3 
7.6 
8.1 
90  Right 
Left 
7.6 
7.2 
7.7 
7.7 
7.3 
7.2 
8.6 
8.4 
95  Right 
Left 
8.2 
8.4 
8.1 
8.3 
8.0 
8.0 
9.9 
9.8 
99  Right 
Left 
9.0 
9.6 
11.1 
10.7 
10.3 
10.0 
12.7 
11.8 
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Table 3.4. Continued 
Palmar pinch strength (kg)*
  DOT 1  DOT 2  DOT 3  DOT 4 
Right 
Mean (sd)  Left 
7.7 (2.0) 
7.2 (2.0) 
8.0 (2.0) 
7.6 (2.0 
7.5 (2.0) 
7.1 (2.0) 
8.9 (2.0) 
8.9 (2.1) 
Right 
Range  Left 
3.7 – 14.3 
2.8 – 12.5 
2.7 – 13.0 
3.0 – 13.0 
2.3 – 13.3 
2.0 – 13.0 
2.5 – 12.5 
2.7 – 13 
Percentiles           
Right  1  Left 
3.7 
2.9 
3.5 
3.7 
2.5 
3.0 
2.5 
2.7 
Right 
5  Left 
4.3 
3.8 
5.0 
4.6 
4.2 
3.8 
5.4 
5.5 
Right 
10  Left 
5.2 
4.7 
5.5 
5.2 
5.1 
4.5 
6.8 
6.2 
Right 
20  Left 
6.0 
5.5 
6.2 
5.8 
5.8 
5.5 
7.2 
6.9 
Right 
30  Left 
6.3 
6.1 
6.7 
6.5 
6.5 
6.0 
7.8 
7.3 
Right 
40  Left 
6.8 
6.7 
7.2 
7.0 
7.0 
6.7 
8.3 
9.1 
Right 
50  Left 
7.5 
7.2 
7.8 
7.5 
7.5 
7.2 
8.5 
9.5 
Right 
60  Left 
8.0 
7.7 
8.5 
7.8 
7.8 
7.7 
9.5 
9.7 
Right 
70  Left 
8.7 
8.0 
9.0 
8.5 
8.3 
8.0 
10.4 
10.2 
Right 
80  Left 
9.3 
9.2 
9.7 
9.3 
9.0 
8.7 
10.8 
10.7 
Right 
90  Left 
10.4 
10.1 
11.0 
10.5 
10.1 
9.7 
11.5 
11.4 
Right 
95  Left 
11.1 
10.9 
11.3 
10.9 
11.0 
10.8 
12.3 
11.6 
Right 
99  Left 
14.0 
12.3 
12.6 
12.5 
12.5 
12.2 
12.5 
13.0 
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Table 3.4. Continued 
Key pinch strength (kg)*
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
8.8 (2.1) 
8.5 (2.2) 
9.2 (2.1) 
8.9 (2.2) 
8.9 (2.2) 
8.7 (2.1) 
11.0 (2.1) 
10.6 (2.0) 
Range  Right 
Left 
4.7 – 16.5 
4.3 – 16.7 
4.5 – 15.0 
3.5 – 14.3 
3.2 – 15.0 
3.8 – 15.5 
7.0 – 15.8 
7.0 – 16.3 
Percentiles           
1  Right 
Left 
4.7 
4.4 
4.6 
4.1 
4.7 
4.3 
7.0 
7.0 
5  Right 
Left 
5.6 
5.2 
6.0 
5.7 
5.5 
5.0 
7.2 
7.2 
10  Right 
Left 
6.3 
5.5 
6.7 
6.2 
6.2 
5.8 
8.3 
8.0 
20  Right 
Left 
6.8 
6.8 
7.2 
7.0 
7.0 
6.8 
9.1 
9.2 
30  Right 
Left 
7.7 
7.4 
7.7 
7.3 
7.7 
7.5 
9.8 
9.7 
40  Right 
Left 
8.0 
7.8 
8.3 
8.0 
8.3 
8.2 
10.7 
10.2 
50  Right 
Left 
8.5 
8.3 
9.2 
8.7 
9.0 
8.7 
10.8 
10.5 
60  Right 
Left 
9.0 
8.8 
9.7 
9.3 
9.6 
9.3 
11.3 
10.9 
70  Right 
Left 
10.0 
9.6 
10.3 
10.2 
10.3 
9.8 
12.4 
11.0 
80  Right 
Left 
10.8 
10.3 
11.0 
11.0 
10.8 
10.3 
12.8 
11.8 
90  Right 
Left 
11.4 
11.5 
12.0 
12. 
11.6 
11.5 
13.9 
13.9 
95  Right 
Left 
12.4 
12.4 
12.7 
12.4 
12.7 
12.5 
14.9 
15.3 
99  Right 
Left 
16.2 
16.3 
14.6 
13.7 
14.5 
13.3 
15.8 
16.3 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *mean 
kilograms out of three trials 
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Energetic Capacity 
The Energetic Capacity domain consisted of the sub maximal Bruce Treadmill 
Test. Results are presented in Table 3.5. 
Table 3.5. Normative values for energetic capacity for the different DOT 
categories 
Estimated energetic capacity (METS)* 
DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  9.5 (2.3)  9.7 (2.3)  9.7 (2.3)  10.6 (2.6) 
Range  3.7 – 15.0  3.7 – 17.5  2.8 – 17.2  3.7 – 14.3 
Percentiles         
4.1  4.7  4.0  3.7 
5.9  6.2  6.3  5.9 
6.9  7.5  6.9  7.9 
8.0  8.3  8.3  8.9 
8.3  8.6  8.7  9.4 
8.6  9.1  9.2  10.2 
9.2  9.5  9.6  11.5 
10.0  10.1  10.0  11.6 
11.0  10.8  10.8  11.8 
11.5  11.5  11.5  12.1 
12.1  11.9  12.1  13.0 
12.8  12.8  12.9  14.1 
1 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 
99  14.9  15.5  14.8  14.3 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category 1-4: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *1 MET is 
3.5 ml O2/min/kg 
Prediction of outcome 
In  Table  4,  results  of  the  regression  analyses  are  presented.  To  predict  test 
outcome related to the personal variables gender, age, height, body weight and 
DOT category, subjects’ personal characteristics can be inserted in the regression 
equation.  Two  virtual  examples  of  different  individuals  working  in  different 
professions  are  provided  in  Table  4.  Depending  on  the  test,  outcome  can  be 
predicted from 5% to 59% from the variables gender, age, height, body weight and 
workload (Table 4). The variance in strength and material handling tests can be 
largely explained by gender. The Postural Tolerance tests can only minimally be 
predicted. 
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Table 3.4. Continued 
Key pinch strength (kg)*
    DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  Right 
Left 
8.8 (2.1) 
8.5 (2.2) 
9.2 (2.1) 
8.9 (2.2) 
8.9 (2.2) 
8.7 (2.1) 
11.0 (2.1) 
10.6 (2.0) 
Range  Right 
Left 
4.7 – 16.5 
4.3 – 16.7 
4.5 – 15.0 
3.5 – 14.3 
3.2 – 15.0 
3.8 – 15.5 
7.0 – 15.8 
7.0 – 16.3 
Percentiles           
1  Right 
Left 
4.7 
4.4 
4.6 
4.1 
4.7 
4.3 
7.0 
7.0 
5  Right 
Left 
5.6 
5.2 
6.0 
5.7 
5.5 
5.0 
7.2 
7.2 
10  Right 
Left 
6.3 
5.5 
6.7 
6.2 
6.2 
5.8 
8.3 
8.0 
20  Right 
Left 
6.8 
6.8 
7.2 
7.0 
7.0 
6.8 
9.1 
9.2 
30  Right 
Left 
7.7 
7.4 
7.7 
7.3 
7.7 
7.5 
9.8 
9.7 
40  Right 
Left 
8.0 
7.8 
8.3 
8.0 
8.3 
8.2 
10.7 
10.2 
50  Right 
Left 
8.5 
8.3 
9.2 
8.7 
9.0 
8.7 
10.8 
10.5 
60  Right 
Left 
9.0 
8.8 
9.7 
9.3 
9.6 
9.3 
11.3 
10.9 
70  Right 
Left 
10.0 
9.6 
10.3 
10.2 
10.3 
9.8 
12.4 
11.0 
80  Right 
Left 
10.8 
10.3 
11.0 
11.0 
10.8 
10.3 
12.8 
11.8 
90  Right 
Left 
11.4 
11.5 
12.0 
12. 
11.6 
11.5 
13.9 
13.9 
95  Right 
Left 
12.4 
12.4 
12.7 
12.4 
12.7 
12.5 
14.9 
15.3 
99  Right 
Left 
16.2 
16.3 
14.6 
13.7 
14.5 
13.3 
15.8 
16.3 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *mean 
kilograms out of three trials 
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Energetic Capacity 
The Energetic Capacity domain consisted of the sub maximal Bruce Treadmill 
Test. Results are presented in Table 3.5. 
Table 3.5. Normative values for energetic capacity for the different DOT 
categories 
Estimated energetic capacity (METS)* 
DOT 1  DOT 2  DOT 3  DOT 4 
Mean (sd)  9.5 (2.3)  9.7 (2.3)  9.7 (2.3)  10.6 (2.6) 
Range  3.7 – 15.0  3.7 – 17.5  2.8 – 17.2  3.7 – 14.3 
Percentiles         
4.1  4.7  4.0  3.7 
5.9  6.2  6.3  5.9 
6.9  7.5  6.9  7.9 
8.0  8.3  8.3  8.9 
8.3  8.6  8.7  9.4 
8.6  9.1  9.2  10.2 
9.2  9.5  9.6  11.5 
10.0  10.1  10.0  11.6 
11.0  10.8  10.8  11.8 
11.5  11.5  11.5  12.1 
12.1  11.9  12.1  13.0 
12.8  12.8  12.9  14.1 
1 
5 
10 
20 
30 
40 
50 
60 
70 
80 
90 
95 
99  14.9  15.5  14.8  14.3 
DOT = groups formed based on physical demands as provided by the Dictionary of Occupational 
Titles; DOT category 1-4: 1= sedentary; 2= light; 3= medium; 4= heavy/very heavy work. *1 MET is 
3.5 ml O2/min/kg 
Prediction of outcome 
In  Table  4,  results  of  the  regression  analyses  are  presented.  To  predict  test 
outcome related to the personal variables gender, age, height, body weight and 
DOT category, subjects’ personal characteristics can be inserted in the regression 
equation.  Two  virtual  examples  of  different  individuals  working  in  different 
professions  are  provided  in  Table  4.  Depending  on  the  test,  outcome  can  be 
predicted from 5% to 59% from the variables gender, age, height, body weight and 
workload (Table 4). The variance in strength and material handling tests can be 
largely explained by gender. The Postural Tolerance tests can only minimally be 
predicted. 
113T
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Discussion
The  establishment  of  normative  values  for  FCE  may  improve  clinicians’ 
recommendations for return to work, because comparing patients’ FC to normative 
values instead of to data gathered from WPA, enables clinicians to screen for 
potential  imbalance  between  workload  and  work  capacity  without  having  to 
perform a WPA and at the same time gaining additional information concerning 
FC of patients in relation to a norm group. The normative values gathered in this 
study  were  performed  with  subjects  who  have  reported  good  health  and 
participation in work in the year prior to the FCE. This means that capacity as 
measured in the FCE is sufficient to meet the workload in all subjects. For clinical 
use, when the patients’ FC is equal to or exceeds the lowest valid case in the norm 
group, FC is sufficient to meet the workload. These norms, therefore, provide 
information  about  a  minimal  required  capacity.  In fact,  capacity  of  the  lowest 
performing subject in the FCE should be sufficient for successful work in the 
corresponding DOT category. If a subject’s capacity is below that of the lowest 
performing subject, it is unclear whether this capacity may still be sufficient for 
the particular workload or not. Additional assessment of physical work demands 
related to capacity may in those cases be necessary. The WorkWell FCE protocol, 
on which the selection of tests in this research was partly based, extrapolates its 
test results to a normal working day. This extrapolation is based on the assumption 
that test results of lifting and carrying, in which an observed effort level of ‘heavy’ 
was  identified  by  the  evaluator,  corresponds  to  the  physical  demand  which  is 
required  ‘occasionally’  [23].  If  the  subjects’  FCE  results,  classified  with  an 
observed effort level of ‘heavy’ or more were compared to the physical demands 
of table 1, then all subjects who were classified in the DOT category ‘sedentary’ 
and ‘light’ met the lifting and carrying work demands. However, capacity of 6% 
and  28%  of  the  subjects  working  in  the  ‘medium’  and  ‘heavy’  category 
respectively, the maximum work demand to meet was not met [36]. Based on the 
work demands of the DOT, a valid comparison of the lifting and carrying scores 
with  the  DOT,  implies  that  comparing  to  the  first  percentile  is  valid  for  the 
sedentary and light professions, the 10
th percentile is valid for medium professions 
and  the  30
th  percentile  is  valid  for  the  heavy  and  very  heavy  professions. 
Professions classified as being equally heavy in the DOT vary considerably, in 
line of industry (e.g. same DOT category, different profession) or by person. Since 
the  appearance  of  the  4
th  version  of  the  DOT  in  1991,  mechanization  and 
automation  in  many  professional  branches  in  Western  society  have  continued, 
which usually made work physically less demanding, suggesting that professions 
categorized  as  heavy,  may  in  fact  no  longer  require  the  demands  to  fit  the 
predicate ‘heavy’. Because this might be a possible threat to the validity of the 
DOT, updated information on work demands in new professions will gain a better 
knowledge of physical workload. The reason the DOT was used in this research is 
that, to the best of our knowledge, no other widely acknowledged standard seems 
to be available.   T
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Discussion
The  establishment  of  normative  values  for  FCE  may  improve  clinicians’ 
recommendations for return to work, because comparing patients’ FC to normative 
values instead of to data gathered from WPA, enables clinicians to screen for 
potential  imbalance  between  workload  and  work  capacity  without  having  to 
perform a WPA and at the same time gaining additional information concerning 
FC of patients in relation to a norm group. The normative values gathered in this 
study  were  performed  with  subjects  who  have  reported  good  health  and 
participation in work in the year prior to the FCE. This means that capacity as 
measured in the FCE is sufficient to meet the workload in all subjects. For clinical 
use, when the patients’ FC is equal to or exceeds the lowest valid case in the norm 
group, FC is sufficient to meet the workload. These norms, therefore, provide 
information  about  a  minimal  required  capacity.  In fact,  capacity  of  the  lowest 
performing subject in the FCE should be sufficient for successful work in the 
corresponding DOT category. If a subject’s capacity is below that of the lowest 
performing subject, it is unclear whether this capacity may still be sufficient for 
the particular workload or not. Additional assessment of physical work demands 
related to capacity may in those cases be necessary. The WorkWell FCE protocol, 
on which the selection of tests in this research was partly based, extrapolates its 
test results to a normal working day. This extrapolation is based on the assumption 
that test results of lifting and carrying, in which an observed effort level of ‘heavy’ 
was  identified  by  the  evaluator,  corresponds  to  the  physical  demand  which  is 
required  ‘occasionally’  [23].  If  the  subjects’  FCE  results,  classified  with  an 
observed effort level of ‘heavy’ or more were compared to the physical demands 
of table 1, then all subjects who were classified in the DOT category ‘sedentary’ 
and ‘light’ met the lifting and carrying work demands. However, capacity of 6% 
and  28%  of  the  subjects  working  in  the  ‘medium’  and  ‘heavy’  category 
respectively, the maximum work demand to meet was not met [36]. Based on the 
work demands of the DOT, a valid comparison of the lifting and carrying scores 
with  the  DOT,  implies  that  comparing  to  the  first  percentile  is  valid  for  the 
sedentary and light professions, the 10
th percentile is valid for medium professions 
and  the  30
th  percentile  is  valid  for  the  heavy  and  very  heavy  professions. 
Professions classified as being equally heavy in the DOT vary considerably, in 
line of industry (e.g. same DOT category, different profession) or by person. Since 
the  appearance  of  the  4
th  version  of  the  DOT  in  1991,  mechanization  and 
automation  in  many  professional  branches  in  Western  society  have  continued, 
which usually made work physically less demanding, suggesting that professions 
categorized  as  heavy,  may  in  fact  no  longer  require  the  demands  to  fit  the 
predicate ‘heavy’. Because this might be a possible threat to the validity of the 
DOT, updated information on work demands in new professions will gain a better 
knowledge of physical workload. The reason the DOT was used in this research is 
that, to the best of our knowledge, no other widely acknowledged standard seems 
to be available.   
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One of the limitations of this research is that FCE focuses largely on the physical 
part of  capacity. When  capacity  is  evaluated  in  a bio-psychosocial  context, as 
described in the ICF and agreed upon among FCE experts [8], capacity refers to 
the highest probable level of functioning that a person may reach in a domain at a 
given moment in a standardized environment [37]. The context in which work 
takes place, however, significantly differs from the standardized environment in 
which the FCE takes place. Translation of capacity testing into performance in 
daily life continues to be challenging, because other barriers may hinder patients 
to successfully return to their jobs. In that, measuring the “bio” aspect solely will 
be insufficient for most applications in rehabilitation, occupational and insurance 
medicine. Functional capacity may however, function as one of the pre-requisites 
for returning to work [38]. Furthermore, capacity of some of the tests is largely 
dependent on personal characteristics such as age and gender (see examples below 
Table 4). For clinicians who are interested in a patient’s capacity in comparison 
with healthy subjects with corresponding gender, age, weight and height, can use 
the regression equations as provided in Table 4. For the strength tests (lifting low, 
lifting high, carrying, and hand strength) variance can be explained by personal 
factors  for  34  to  59%.    In  these  tests,  gender  is  the  main  predictor  which 
corresponds with  results  from  previous  studies  [32].  Remarkably,  age  was not 
found to be significantly predictive for handgrip and pinch strength, whereas in a 
different study, handgrip strength was found to decline progressively after the age 
of 60 [39]. Significant decline in Handgrip strength was small in the age from 25 
to  55  [39].  Further  research  with  correction  for  multiple  personal  factors  is 
recommended  to  be  able  to  draw  some  grounded  conclusions.  The  static 
endurance tests were found to have very low explained variance (overhead work 
and forward bending; 8% and 5% respectively). This means that static workload 
can be performed equally between men and women and that it is independent of 
age,  body  height  and  body  length.  Clinicians  are  recommended  to  take  into 
account the varying percentage of explained variance when using these regression 
equations,  as  provided  in  Table  4,  in  practice.  The  reason,  however,  that  the 
researchers have chosen to present all normative values not specified by gender 
and age is, that capacity should be sufficient to overcome the relevant workload 
regardless of age or gender.  
Another  point  that  should  be  addressed  was  the  low  number  of  subjects 
performing in DOT 4 (N=48). The power in this group would have been higher if 
inclusions in all DOT categories were divided equally. This, however, appeared to 
be  impossible.  Clinicians  should  keep  this  in  mind  when  considering  and 
interpreting these data as true normative data. Remarkable in this study sample is 
the absence of women working in DOT 4. There may be several explanations for 
this.  One  explanation  is  that  the  capacity  of  the  majority  of  women  may  be 
insufficient to work in DOT 4. When we compare the capacity of women working 
in  other  DOT  categories  to  the  work  demands  of  DOT  4,  it  appears  that  the 
capacity  of  98%  of  all  women  is  insufficient  to  perform  in  DOT  4.  Another 
explanation may be of a cultural nature, which is that women still are, or consider 
themselves to be excluded from ‘male’ jobs such as construction occupations.  
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In clinical practice, patients’ results can be compared to these normative values. 
Interpretation,  however,  may  still  partly  be  unclear.  “Should  practitioners  and 
therapists  compare  patients’  results  to  the  mean,  50
th  percentile,  5
th  or  1
st
percentile?” Authors have no conclusive answers to this question. Theoretically, 
comparing to the 1
st percentile may be suitable. With respect to extreme values, 
and perhaps sub maximal efforts made by subjects in our groups for whatever 
reason, the presence of some ‘additional’ capacity may be worthwhile; comparing 
to the 5
th or 10
th percentile may thus be recommended. Further research should 
focus  on  the  lowest  valid  cut-off  point  of  these  normative  values.  Another 
clinically important question is: “What about subjects who perform below the 1
st
percentile?” The results of this research are inconclusive, but a lower score than 
the 1
st percentile may possibly still be sufficient to perform work. The reason for 
this  low  performance  should  be  identified  within  a  bio-psycho-social  context. 
Additional  assessment  of  physical  demands  by  means  of  WPA  may  be 
recommended in these cases. Further research about the validity and utility of the 
normative values from this study should focus on the concurrent validity of the 
normative values and results adapted from WPA’s. In case if concurrent validity is 
sufficient, patients’ results of capacity can be compared to these normative values 
in order to make work performance recommendations. 
To our knowledge, the results of the present study are the first normative data of 
Functional  Capacity  of  healthy  working  subjects.  A  total  of  701  subjects  was 
evaluated, which leads to stability of data. Therefore, the results should provide 
tools  for  clinicians  to  improve  their  judgments  and  recommendations  for  the 
physical part of work ability. This research contributes to closing the gap between 
workload  and  work  capacity.  Overall,  it  can  be  concluded  that  the  normative 
values  derived  from  this  research  contribute  to  a  better  interpretation  of  the 
functional  outcome  of  an  FCE.  Because  of  the  limitations  addressed  in  the 
discussion section, authors suggest not to utilize these normative values as ‘rules’ 
but rather as guides to support clinical decision makings.  
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Abstract 
Background: The Progressive Isoinertial Lifting Evaluation (PILE) and the lifting 
test of the WorkWell Systems Functional Capacity Evaluation (WWS) are well 
known  as  lifting  performance  tests.  The  objective  of  this  study  was  to  study 
whether the PILE and the WWS can be used interchangeably in patients with 
Chronic Low Back Pain (CLBP) and to explore whether psychosocial variables 
can explain possible differences.  
Methods: 53 Patients (32 men and 21 women) with CLBP were tested twice in a 
counter balanced design. Pearson Correlation Coefficient of r > 0.75 and non-
significant  differences  on  two-tailed  t  tests  were  considered  as  good 
comparability. 
Results: Pearson Correlation Coefficient was 0.75 (p < 0.01). Lifting performance 
on the WWS was a mean of 6.0 kg higher compared to the PILE (p < 0.01). The 
difference  between  the  PILE  and  the  WWS  was  unrelated  to  psychological 
variables.  
Conclusion: It can be concluded that the PILE and the WWS cannot be used 
interchangeably. Psychosocial variables cannot explain the differences between 
both tests. 
Comparison of two lifting assessment approaches 
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Introduction 
Chronic low back pain (CLBP) is the number one reason for work disability in 
many countries [1]. Functional Capacity Evaluations (FCEs) are used to quantify 
specific  aspects  of  work  capacity.  Two  common  FCE  approaches  have  been 
described  as  psychophysical  and  kinesiophysical  evaluations  [2].  The 
psychophysical  evaluation  is  based on  the  concept  that  human  capabilities  are 
determined by a combination of physical, perceptual, and judgemental factors that 
will influence the person’s performance [3]. These factors are implemented in the 
FCE setting in such a way that the patient is in control of the situation [4] and 
determines  his  or  her  own  acceptable  maximum  performance  [5].  The 
kinesiophysical method of evaluation focuses both on the physical body and on its 
functional movement to determine a person’s abilities and limitations [6]. It is 
stated that the kinesiophysical approach relies on medical objectivity and not on 
client  subjectivity  as  the  final  determination  of  physical  ability  [3].  The  test 
evaluates  kinesiophysical  principles  including  evaluation  of  muscle  and  joint 
function in relationship to strength, endurance, speed and coordination. 
Because lifting has been associated with a significant percentage of work-related 
low-back pain episodes [7], the quantification of lifting capacity is a key issue in 
FCE.  Two  lifting  tests  frequently  used  are  the  psychophysical  ‘Progressive 
Isoinertial  Lifting  Evaluation’  (PILE)  presented  by  Mayer  et  al.  [7]  and  the 
kinesiophysical ’waist to floor’ lifting test used in the WorkWell Systems (WWS) 
FCE presented by Isernhagen [8]. To use these tests for clinical testing it is needed 
to asses their psychometric properties and it is therefore of clinical importance to 
know  whether  different  approaches  produce  different  results,  because 
generalization of results may be possible into the clinical situation [9]. A head to 
head  comparison  between  the  two  lifting  tests,  however,  has  never  been 
performed.  
This study was performed to study whether the PILE and the WWS lifting test can 
be used interchangeably. If there are differences in the outcome between the two 
tests, it is of concern to know why these differences exist. In CLBP, psychological 
factors are assumed to play an important role in the sustenance of disability [10–
14]. The role of pain related fear, coping, self reported disability and symptoms of 
distress on test performance were explored in this study. 
Methods 
Subjects 
53 Patients diagnosed with CLBP were included. Patients who participated in a 
multidisciplinary  rehabilitation  program  and  who  performed  an  FCE  were 
included in the study if they were between 18 and 65 years of age and were 
suffering from CLBP for over 3 months. Exclusion criteria were specific low back 
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pathology,  co-morbidity,  pregnancy  and  psychopathology.  Descriptive  subject 
characteristics are presented in Table 1. 
Table 1: Descriptive subject characteristics for the total group (n=53) and male 
(n=32) and female patients (n=21) 
sd = standard deviation; cm = centimeter; kg = kilogram 
Procedures 
Demographics, descriptive characteristics and medical history of all patients were 
obtained. Prior to the lifting tests, data concerning general coping style, disability 
level and pain related fear were obtained by questionnaires and the patients were 
instructed on how to perform the PILE and the WWS. The PILE and the WWS 
were  evaluated  by  separate  experienced  physiotherapists  before  rehabilitation 
treatment began. Mean time between the PILE and WWS was 13 days with a 
standard  deviation  of  14  days.  Lifting  tests  were  evaluated  in  order  of 
convenience. 
Measures 
Lifting assessment 
Pile. Patients performed 4 lifts from table to floor vice versa within 20 s. Weight 
increments of 4.5 kg for men and 2.25 kg for women were used until a criterion 
for maximum performance was reached. The measured outcome was the number 
of kg lifted. After each set of lifts, observations related to body mechanics, heart 
rate and a Borg-score for perceived exertion were recorded. A new series of lifting 
began after 20 s of rest. The test was terminated when: acceptable maximum effort 
(AME) was reached; lifting became unsafe; 85% of maximum age related heart 
rate  was  reached;  ceiling  was  reached  (40.5  kg);  speed  of  lifting  was  not 
maintained [15]. Materials needed for the test include a plastic receptacle (36 × 26 
× 18 cm), a table (height is 71-cm) and weights of 2.25 kg, a polar heart rate 
monitor and a Borg scale for exertion ranging from 0 to 10. Test-retest reliability: 
ICC is 0.91 in CLBP patients [15]. 
WWS. Patients were asked to perform 5 lifts from table to floor vice versa within 
90 s. 4 to 5 weight increments were used to reach maximum lifted weight. The 
measured  outcome  was  the  number  of  kg  lifted.  After  each  lift,  observations 
related to body mechanics and heart rate were recorded. The test was terminated 
when: subjects wished to do so at any point of the test; a situation became unsafe; 
Gender   Male  Female  Total 
Age; years (sd)  40.2 (7.8)  36.0 (10.0)  38.5 (9,8) 
height; cm (sd)  183 (6.9)  172. (7.0)  178 (8.5) 
Weight; kg (sd)  88.5 (12.2)  73.0 (13.9)  82.2 (14.9)
Duration of low back pain in 
weeks (sd) 
308 (445)  182 (269)  250 (375) 
Working; yes/modified/no  10/ 9/ 7  8/ 8/ 2  18/ 17/ 9
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time limit or criteria of maximum performance were reached; 85% of maximum 
age related heart rate was reached (220-age × 85%). Materials used include a 
plastic  receptacle  (40  ×  30  ×  26  cm),  a  wall  mounted system  with  adjustable 
shelve at 72 cm, weights of 1.0, 2.0 and 4.0 kg and a polar heart rate monitor. 
Test-retest reliability of patients with CLBP is: ICC is 0.78 to 0.83 [2,16] and the 
interrater reliability is: ICC is 0.98 [2]. 
Psychological variables 
Pain related fears were measured by the Dutch versions of the Tampa Scale for 
kinesiophobia  (TSK-DV(12))  and  the  Fear  Avoidance  Beliefs  Questionnaire 
(FABQ-DV [17]). Internal consistency of the TSK is good for patients with CLBP 
[12]. Test-retest reliability is unknown. The FABQ consists of two subscales, one 
measuring fear and avoidance behavior and one measuring fear for work-related 
items. Reliability and concurrent validity is moderate to good for patients with 
acute LBP [18]. The Dutch version of the Symptom Checklist-90 (SCL-90R) was 
used as a psychological status symptom inventory [19]. The SCL-90R consists of 
9 subscales of which depression is one. The reliability of the Dutch version of the 
SCL-90R is good [19]. The validity is sufficient to good [19]. Coping style was 
measured by the ‘Utrechtse Coping Lijst’ (UCL) [20]. The reliability ranges from 
weak to good. Predictive validity for mental health was significant [20]. Self-
reported disability related to CLBP was measured by the Roland Morris Disability 
Questionnaire (RMDQ) [21]. The test-retest reliability in patients with CLBP is: 
ICC  is  0.91  [22],  internal  consistency  ranges  from  0.84  to  0.93  and  construct 
validity is good [21]. 
Data analyses 
Both the PILE and the WWS were scored on an interval level. Maximum lifted 
weight (kg) was used for further analysis. To answer the question whether both 
tests  measure  the  same  outcome,  descriptives,  Pearson  correlation  coefficients, 
95%  confidence  intervals  of  the  mean  difference  and  dependent  t  tests  were 
calculated. The criteria for good comparison were set as for concurrent validity: 
Pearson  correlation  coefficient  higher  than  0.75  [23]  and  non-significant  two-
tailed t tests for the differences of the PILE and the WWS. To explore whether 
psychological measures associate to the possible difference, Pearson correlation 
coefficients  are  interpreted  as  follows:  Correlations  ranging  from  0.00  to  0.25 
indicate little or no relationship; from 0.25 to 0.50 indicate a fair relationship; 
values of 0.50 to 0.75 are moderate to good; values above 0.75 are considered 
good to excellent [24]. An   0.05 was considered significant. 
Results 
Lifting assessment 
Results of the PILE and the WWS are presented in Table 2. The mean difference 
between the two tests is 6.0 kilograms which means that the mean score on the 
PILE is approximately 75% of the WWS. Subjects who first performed the WWS 
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for maximum performance was reached. The measured outcome was the number 
of kg lifted. After each set of lifts, observations related to body mechanics, heart 
rate and a Borg-score for perceived exertion were recorded. A new series of lifting 
began after 20 s of rest. The test was terminated when: acceptable maximum effort 
(AME) was reached; lifting became unsafe; 85% of maximum age related heart 
rate  was  reached;  ceiling  was  reached  (40.5  kg);  speed  of  lifting  was  not 
maintained [15]. Materials needed for the test include a plastic receptacle (36 × 26 
× 18 cm), a table (height is 71-cm) and weights of 2.25 kg, a polar heart rate 
monitor and a Borg scale for exertion ranging from 0 to 10. Test-retest reliability: 
ICC is 0.91 in CLBP patients [15]. 
WWS. Patients were asked to perform 5 lifts from table to floor vice versa within 
90 s. 4 to 5 weight increments were used to reach maximum lifted weight. The 
measured  outcome  was  the  number  of  kg  lifted.  After  each  lift,  observations 
related to body mechanics and heart rate were recorded. The test was terminated 
when: subjects wished to do so at any point of the test; a situation became unsafe; 
Gender   Male  Female  Total 
Age; years (sd)  40.2 (7.8)  36.0 (10.0)  38.5 (9,8) 
height; cm (sd)  183 (6.9)  172. (7.0)  178 (8.5) 
Weight; kg (sd)  88.5 (12.2)  73.0 (13.9)  82.2 (14.9)
Duration of low back pain in 
weeks (sd) 
308 (445)  182 (269)  250 (375) 
Working; yes/modified/no  10/ 9/ 7  8/ 8/ 2  18/ 17/ 9
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time limit or criteria of maximum performance were reached; 85% of maximum 
age related heart rate was reached (220-age × 85%). Materials used include a 
plastic  receptacle  (40  ×  30  ×  26  cm),  a  wall  mounted system  with  adjustable 
shelve at 72 cm, weights of 1.0, 2.0 and 4.0 kg and a polar heart rate monitor. 
Test-retest reliability of patients with CLBP is: ICC is 0.78 to 0.83 [2,16] and the 
interrater reliability is: ICC is 0.98 [2]. 
Psychological variables 
Pain related fears were measured by the Dutch versions of the Tampa Scale for 
kinesiophobia  (TSK-DV(12))  and  the  Fear  Avoidance  Beliefs  Questionnaire 
(FABQ-DV [17]). Internal consistency of the TSK is good for patients with CLBP 
[12]. Test-retest reliability is unknown. The FABQ consists of two subscales, one 
measuring fear and avoidance behavior and one measuring fear for work-related 
items. Reliability and concurrent validity is moderate to good for patients with 
acute LBP [18]. The Dutch version of the Symptom Checklist-90 (SCL-90R) was 
used as a psychological status symptom inventory [19]. The SCL-90R consists of 
9 subscales of which depression is one. The reliability of the Dutch version of the 
SCL-90R is good [19]. The validity is sufficient to good [19]. Coping style was 
measured by the ‘Utrechtse Coping Lijst’ (UCL) [20]. The reliability ranges from 
weak to good. Predictive validity for mental health was significant [20]. Self-
reported disability related to CLBP was measured by the Roland Morris Disability 
Questionnaire (RMDQ) [21]. The test-retest reliability in patients with CLBP is: 
ICC  is  0.91  [22],  internal  consistency  ranges  from  0.84  to  0.93  and  construct 
validity is good [21]. 
Data analyses 
Both the PILE and the WWS were scored on an interval level. Maximum lifted 
weight (kg) was used for further analysis. To answer the question whether both 
tests  measure  the  same  outcome,  descriptives,  Pearson  correlation  coefficients, 
95%  confidence  intervals  of  the  mean  difference  and  dependent  t  tests  were 
calculated. The criteria for good comparison were set as for concurrent validity: 
Pearson  correlation  coefficient  higher  than  0.75  [23]  and  non-significant  two-
tailed t tests for the differences of the PILE and the WWS. To explore whether 
psychological measures associate to the possible difference, Pearson correlation 
coefficients  are  interpreted  as  follows:  Correlations  ranging  from  0.00  to  0.25 
indicate little or no relationship; from 0.25 to 0.50 indicate a fair relationship; 
values of 0.50 to 0.75 are moderate to good; values above 0.75 are considered 
good to excellent [24]. An   0.05 was considered significant. 
Results 
Lifting assessment 
Results of the PILE and the WWS are presented in Table 2. The mean difference 
between the two tests is 6.0 kilograms which means that the mean score on the 
PILE is approximately 75% of the WWS. Subjects who first performed the WWS 
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did  not  significantly  differ  on  person  characteristics  or  lifting  capacity  from 
subjects who first performed the PILE (results not presented). The WWS was 
administered first in 31 of 53 cases. 
Table 2: Descriptives, differences and correlations between PILE and WWS 
  N  Mean 
(kg) 
sd 
(kg) 
Min 
(kg) 
Max 
(kg) 
Mean 
difference 
(t; df) 
sd of 
mean 
differences
r 
WWS total  53  28.3  14.0  4.0  72.0 
PILE total  53  22.3  10.5  4.5  40.5ª
6.0  
(4.6; 52)*  9.3  0.75* 
ª: Ceiling was reached. * t-value is significant at α = 0.01; PILE = Progressive Isoinertial Lifting 
Evaluation; WWS = WorkWell Systems ;  sd=standard deviation; r = Pearson correlation coefficient; 
df = degrees of freedom 
Psychological variables 
Scores from the TSK, the FABQ, the SCL-90R, the UCL, and the RMDQ are 
presented  in  Table  3.  All  associations  were  of  little  strength  (r  <  0.25)  and 
statistically  non-significant.  None  of  the  SCL-90R  subscales  correlated 
significantly with the test scores and are therefore not presented in the table. A 
high non-response rate of the psychological questionnaires was noted (Table 3). A 
post hoc non-response analysis revealed that non-responders did not significantly 
differ  from  responders  with  regards  to  gender,  age,  work  status  and  lifting 
performance. 
Table 3: Correlation of psychosocial factors with the difference of the WWS and 
the PILE. 
  N  Mean (sd)  WWS 
r 
PILE 
r 
WWS-
PILE 
r 
SCL-90R sum   26  127.5  (23.5)  0.09  0.07  0.17 
RMDQ   52  9.2    (5.5)  -0.15  -0.12  -0.08 
UCL  21  95.6    (5.6)  -0.03  -0.07  0.03 
TSK  30  35.9    (7.0)  -0.08  0.02  -0.15 
FABQ activities-scale  23  13.7    (5.0)  0.08  0.20  -0.10 
FABQ work-scale  23  17.3    (9.7)  0.06  0.20  -0.13 
No  significant  correlations  were  found;  WWS:  WorkWell  Systems;  PILE:  Progressive  Isoinertial 
Lifting Evaluation; WWS-PILE:  difference between WWS and PILE; sd: standard deviation; SCL-90R 
sum:  sum  score  of  the  symptom  check  list  90-revised  version;  RMDQ:  Roland  Morris  Disability 
Questionnaire;  UCL:  Utrechtse  Coping  Lijst;  TSK:  Tampa  Scale  for  Kinesiophobia;  FABQ:  Fear 
Avoidance Behavior Questionnaire.  
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Discussion 
The purpose of this study was to compare the results of the PILE and the WWS 
lifting tests in a sample of patients with CLBP. The results show that the PILE and 
the  WWS  are  strongly  related  to  each  other  (r  is  0.75)  but  that  a  significant 
difference  of  6.0  kg  in  mean  lifting  performance  exists.  The  criteria  for 
comparability were not met because this difference is considered relevant. Criteria 
for relevance are arbitrary and criteria can in this case not be set based on internal 
criteria such as limits of agreement because the tests differ in procedures and test 
leaders. However, external criteria for relevance could be used. The relevance of 
the difference in lifting performance is illustrated when using The Dictionary of 
Occupational Titles (DOT) classification. From this study, an “average” patient 
with CLBP who was evaluated with the PILE (mean PILE-score is 22 kg) would 
be classified as suitable for medium work (occasional lifting between 9.0 kg to 
22.7 kg), whereas when this same “average” patient was evaluated with the WWS, 
he  or  she  would  have  lifted  28  kg,  which  would  classify  him  as  suitable  for 
performing medium / heavy work (occasional lifting between 22.7 to 45.4 kg) 
[25]. To possibly explain this systematic difference an explorative study to the 
relationship  between  psychological  variables  and  the  difference  between  the 
lifting  tests  was  performed.  None  of  the  psychological  variables,  however, 
correlated significantly with the difference between the PILE and the WWS. It 
appears that psychological variables cannot explain the differences between the 
PILE and the WWS. A weakness of this study was the high non-response of the 
psychological questionnaires ranging from 2% to 60%. A post hoc non-response 
analysis  revealed  that  there  were  no  significant  differences  between  the  non-
responders  and  the  responders  on  subject  characteristics.  A  number  of  other 
explanations  may  explain  the  systematic  difference  between  the  performances, 
including procedures and purpose of the tests and the evaluator’s performance.  
Differences in test procedures were: 4 lifts were used with predetermined weight 
increments of 2.25 or 4.5 kg in the PILE and 5 lifts were used with weights of 1.0, 
2.0 and 4.0 kg in the WWS; the PILE had a ceiling at 40.5 kg where the WWS had 
none;  in  the  PILE,  incremental  lifting  proceeded  in  predetermined  steps  until 
acceptable  maximum  effort  (AME)  was  reached.  In  the  WWS,  patients  were 
proceeding to a maximum of lifted weight in 4 to 5 increments; The resting period 
in the PILE was 20 s and in the WWS a new series of lifting began when the heart 
rate was below 70% of the maximum age related heart rate. IJmker et al. [9] found 
that equalizing the number or repetitions from 1 to 5 repetitions in an upper lifting 
task  leads  to  a  slightly  stronger  relationship  and  a  slightly  smaller  difference 
between the test results. It is unlikely that this can explain the differences found in 
this study since there was only a difference of 1 lift per series. Fatigue could result 
in an early termination of the PILE, because the 85% heart rate limit was reached. 
Heart rate calculations showed that there is a larger increase in heart rate of 8 
beats per minute in the PILE (p<0.01) where on average, the maximum lifted 
weight of the PILE is less than on the WWS. When excluding all patients who 
reached  the  weight  ceiling  (N  =  7)  or  the  85%  heart  rate  limit  (N  =  6),  no 
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did  not  significantly  differ  on  person  characteristics  or  lifting  capacity  from 
subjects who first performed the PILE (results not presented). The WWS was 
administered first in 31 of 53 cases. 
Table 2: Descriptives, differences and correlations between PILE and WWS 
  N  Mean 
(kg) 
sd 
(kg) 
Min 
(kg) 
Max 
(kg) 
Mean 
difference 
(t; df) 
sd of 
mean 
differences
r 
WWS total  53  28.3  14.0  4.0  72.0 
PILE total  53  22.3  10.5  4.5  40.5ª
6.0  
(4.6; 52)*  9.3  0.75* 
ª: Ceiling was reached. * t-value is significant at α = 0.01; PILE = Progressive Isoinertial Lifting 
Evaluation; WWS = WorkWell Systems ;  sd=standard deviation; r = Pearson correlation coefficient; 
df = degrees of freedom 
Psychological variables 
Scores from the TSK, the FABQ, the SCL-90R, the UCL, and the RMDQ are 
presented  in  Table  3.  All  associations  were  of  little  strength  (r  <  0.25)  and 
statistically  non-significant.  None  of  the  SCL-90R  subscales  correlated 
significantly with the test scores and are therefore not presented in the table. A 
high non-response rate of the psychological questionnaires was noted (Table 3). A 
post hoc non-response analysis revealed that non-responders did not significantly 
differ  from  responders  with  regards  to  gender,  age,  work  status  and  lifting 
performance. 
Table 3: Correlation of psychosocial factors with the difference of the WWS and 
the PILE. 
  N  Mean (sd)  WWS 
r 
PILE 
r 
WWS-
PILE 
r 
SCL-90R sum   26  127.5  (23.5)  0.09  0.07  0.17 
RMDQ   52  9.2    (5.5)  -0.15  -0.12  -0.08 
UCL  21  95.6    (5.6)  -0.03  -0.07  0.03 
TSK  30  35.9    (7.0)  -0.08  0.02  -0.15 
FABQ activities-scale  23  13.7    (5.0)  0.08  0.20  -0.10 
FABQ work-scale  23  17.3    (9.7)  0.06  0.20  -0.13 
No  significant  correlations  were  found;  WWS:  WorkWell  Systems;  PILE:  Progressive  Isoinertial 
Lifting Evaluation; WWS-PILE:  difference between WWS and PILE; sd: standard deviation; SCL-90R 
sum:  sum  score  of  the  symptom  check  list  90-revised  version;  RMDQ:  Roland  Morris  Disability 
Questionnaire;  UCL:  Utrechtse  Coping  Lijst;  TSK:  Tampa  Scale  for  Kinesiophobia;  FABQ:  Fear 
Avoidance Behavior Questionnaire.  
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Discussion 
The purpose of this study was to compare the results of the PILE and the WWS 
lifting tests in a sample of patients with CLBP. The results show that the PILE and 
the  WWS  are  strongly  related  to  each  other  (r  is  0.75)  but  that  a  significant 
difference  of  6.0  kg  in  mean  lifting  performance  exists.  The  criteria  for 
comparability were not met because this difference is considered relevant. Criteria 
for relevance are arbitrary and criteria can in this case not be set based on internal 
criteria such as limits of agreement because the tests differ in procedures and test 
leaders. However, external criteria for relevance could be used. The relevance of 
the difference in lifting performance is illustrated when using The Dictionary of 
Occupational Titles (DOT) classification. From this study, an “average” patient 
with CLBP who was evaluated with the PILE (mean PILE-score is 22 kg) would 
be classified as suitable for medium work (occasional lifting between 9.0 kg to 
22.7 kg), whereas when this same “average” patient was evaluated with the WWS, 
he  or  she  would  have  lifted  28  kg,  which  would  classify  him  as  suitable  for 
performing medium / heavy work (occasional lifting between 22.7 to 45.4 kg) 
[25]. To possibly explain this systematic difference an explorative study to the 
relationship  between  psychological  variables  and  the  difference  between  the 
lifting  tests  was  performed.  None  of  the  psychological  variables,  however, 
correlated significantly with the difference between the PILE and the WWS. It 
appears that psychological variables cannot explain the differences between the 
PILE and the WWS. A weakness of this study was the high non-response of the 
psychological questionnaires ranging from 2% to 60%. A post hoc non-response 
analysis  revealed  that  there  were  no  significant  differences  between  the  non-
responders  and  the  responders  on  subject  characteristics.  A  number  of  other 
explanations  may  explain  the  systematic  difference  between  the  performances, 
including procedures and purpose of the tests and the evaluator’s performance.  
Differences in test procedures were: 4 lifts were used with predetermined weight 
increments of 2.25 or 4.5 kg in the PILE and 5 lifts were used with weights of 1.0, 
2.0 and 4.0 kg in the WWS; the PILE had a ceiling at 40.5 kg where the WWS had 
none;  in  the  PILE,  incremental  lifting  proceeded  in  predetermined  steps  until 
acceptable  maximum  effort  (AME)  was  reached.  In  the  WWS,  patients  were 
proceeding to a maximum of lifted weight in 4 to 5 increments; The resting period 
in the PILE was 20 s and in the WWS a new series of lifting began when the heart 
rate was below 70% of the maximum age related heart rate. IJmker et al. [9] found 
that equalizing the number or repetitions from 1 to 5 repetitions in an upper lifting 
task  leads  to  a  slightly  stronger  relationship  and  a  slightly  smaller  difference 
between the test results. It is unlikely that this can explain the differences found in 
this study since there was only a difference of 1 lift per series. Fatigue could result 
in an early termination of the PILE, because the 85% heart rate limit was reached. 
Heart rate calculations showed that there is a larger increase in heart rate of 8 
beats per minute in the PILE (p<0.01) where on average, the maximum lifted 
weight of the PILE is less than on the WWS. When excluding all patients who 
reached  the  weight  ceiling  (N  =  7)  or  the  85%  heart  rate  limit  (N  =  6),  no 
127Chapter 8 
 128
significant  changes  in  test  results  were  found.  Therefore,  it  is  unlikely  that 
different test procedures lead different test results. 
Another important factor may be the difference between the kinesiophysical and 
the  psychophysical  approach.  In  the  literature,  however  clear  and  operational 
definitions of both approaches cannot be found. Snook defines psychophysics as 
the relationship between physical stimuli that occur in the ’outside world’ and the 
sensations they produce in the body’s ‘inside world’ [4]. Implementation of this 
definition in measuring lifting capacity was done in different ways. In multiple 
studies, the worker is given 20–30 min to adjust his workload, usually weight or 
frequency of lifting, to estimate the maximum accepted workload for an 8 h work 
day [4, 26, 27]. Another implementation of the psychophysical approach to FCE 
was done by Khalil et al. [5], who introduced a new measure, namely the AME. In 
this  form  of  FCE,  the  worker  is  in  control  and  determines  his  or  her  own 
termination  point  on  behalf  of  acceptability.  In  the  PILE  used  in  this  study, 
implementation  of  the  psychophysical  approach  was  done  according  to  the 
suggested approach by Khalil et al. [5]. The PILE used in this study was not only 
used as an approach to determine lifting capacity, but also as a psychophysical 
outcome measure. This outcome measure was generated by evaluating objective 
as  well  as  subjective  elements  of  the  patients,  by  dividing  a  Borg-score  and 
amount of weight lifted [28]. It seems that implementation of the psychophysical 
approach  in FCE  is  done  in  different ways  but overall,  literature  supports  the 
concept that in the psychophysical approach performance is stopped when the 
worker  believes  AME  has  been  reached.  The  kinesiophysical  approach  is 
operationally  defined  as  evaluation  of  muscle  and  joint  function  (strength, 
endurance, speed, and coordination [3, 8]. The aim is to test a body’s maximum 
functional abilities. In the kinesiophysical approach, the evaluator is in control and 
performance  is  stopped  when  biomechanical  signs  of  maximum  effort  are 
observed. If, however, we analyze the endpoints of the subjects of both tests, 46 of 
53 patients self limited their performance in the WWS and 36 of 53 patients self 
limited  their  performance  in  the  PILE.  This  was  an  unexpected  finding  with 
regards to the theory. The differences between endpoints are small and differences 
in performance cannot be explained by psychological variables in this exploratory 
design. In practice this means that the clear kinesiophysical definition as provided 
by  Isernhagen  cannot  be  sustained  in  CLBP  patients,  because  when  a  patient 
refuses to perform a test item or increment for any reason, the evaluator cannot 
determine maximum physical effort. The criterion of acceptability, as used in the 
psychophysical  approach,  may  therefore  not  be  a  difference  between  the  two 
approaches. These differences, described in literature as each others opposites, 
may thus, in practice, be non-existent with regards to endpoint determinations. 
Differences between test purposes and evaluators may also lead to differences in 
performance. Where the WWS was used for work evaluation purposes only, the 
PILE was used as a measurement tool in an intake procedure for rehabilitation 
purposes.  Instructions  given  to  both  tests  were  different.  In  the  WWS  it  was 
instructed to lift as many as possible; In the PILE instructions were to lift until 
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AME was reached. Differences  between  evaluators  may  also  contribute  to  the 
differences between the test results. Interaction variability such as the physical 
distance between the evaluator and the patient, the way of communication and 
fear-avoidance level of the evaluator may have been of influence on the behavior 
of patients with CLBP [14, 29]. It is yet unknown and beyond the subject of this 
study how these differences could explain and contribute to outcome differences. 
Further research is recommended to isolate possible influence of differences in 
test procedures, test approaches or test leader characteristics. 
Conclusion 
The PILE and the WWS lifting test are good related to each other but the tests 
cannot be used interchangeably in patients with CLBP because there is a relevant 
systematic difference between the tests. Psychosocial variables cannot explain the 
differences  between  the  tests.  Further  research  is  recommended  to  study  the 
relevance of differences between the tests. 
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different test procedures lead different test results. 
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definitions of both approaches cannot be found. Snook defines psychophysics as 
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fear-avoidance level of the evaluator may have been of influence on the behavior 
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study how these differences could explain and contribute to outcome differences. 
Further research is recommended to isolate possible influence of differences in 
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Discussion 
The  main  results  of  the  studies  presented  in  this  thesis  contribute  to  the 
measurement qualities of Functional Capacity Evaluations (FCEs). The studies are 
focused to test FCE aspects of safety, reliability, validity, practicality, utility and 
to  establish  normative  values.  The  results  are  relevant  for  rehabilitation, 
occupational and insurance medicine and contribute to better understanding and 
applicability of FCE. In this general discussion, the contribution of the studies 
presented in this thesis will be discussed. Firstly, the contribution of this thesis to 
measurement qualities will be discussed. Furthermore, the work load and capacity 
model will be discussed and clinical implications, theoretical considerations and 
recommendations regarding future research are presented. 
Measurement qualities of FCE 
In  the  years  during  the  construction  of  this  thesis  FCE  research  has  further 
evolved. With respect to reliability and validity of FCE, one additional systematic 
review is performed [1]. The authors of this study concluded that throughout the 
years, studies to validity and reliability are performed dependent of which FCE-
protocol  was  used.  Extensive  research  to  the  additional  value  of  FCE  should, 
however, be performed. In a state of the art study, an expert review is conducted 
that  classified  measurement  qualities  in  hierarchic  order  [2].  These  are  safety, 
reliability,  validity,  practicality  and  utility.  This  thesis  focused  on  these 
measurement qualities of FCE and are outlined in figure 2 of the Introduction. The 
contribution of the studies in this thesis to FCE, are discussed in the section below. 
Safety 
In Chapter 2, experts have consented on a definition of safety. Safety is defined as 
‘a  situation  that,  given  the  known  characteristics  of  the  person,  the  procedure 
should not be expected to lead to injury’, in which injury was defined as ‘damage 
or harm done to or suffered by a person or thing’. This operational definition of 
injury remains vague because it is unclear what exactly is meant by “harm” and 
“damage”.  Chapter  5  and  6,  however,  were  written  before  the  expert  study, 
therefore, it is decided that FCE was considered safe, when pain responses after 
FCE  follows  a  pattern  which  resembles  physiology  of  delayed  onset  muscle 
soreness. The criteria for safety in FCE used in this study were: when the FCE 
does not lead to injury and when a pain response increased within the first 24 
hours  following  FCE,  peaked  between  24  and  72  hours  and  subsided  and 
disappeared within 5 – 7 days after the FCE. The results of this study indicate that 
if this criterion of safety is applied, the FCE could be administered safely. Looking 
back, starting with study 2 would have improved the other studies in this thesis. 
There appeared to be a high percentage of subjects who reported a pain response 
following  FCE.  A  pain  response  was  reported  in  82%  of  all  healthy  subjects. 
Comparison  of  the  pain  response  between  healthy  workers  and  patients  with 
Chronic Low Back Pain (CLBP) are made and it is concluded that pain responses 
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appear similar in duration and intensity. A pain response may be expected and 
may  be  considered  a  normal  response  of  the  musculoskeletal  system  and 
disappears  within  5  days  in  95%  of  all  cases.  This  pattern  resembles  that  of 
delayed  onset  muscle  soreness.  If  this  data  is  compared  to  other  research  on 
muscle soreness then the studies presented in this thesis differ in methodology. 
Most  research  into  muscle  soreness  is  performed  by  using  blood  samples  to 
analyze creatine kinase activity and myoglobin concentration. An advantage of 
these studies is that these measurements provide reliable and objective data. The 
reason why it is decided not to use blood samples was because of practical reasons 
and  because  pain  has  a  multidimensional  character  in  which  a  persons’  pain 
experience gains additional and extra information concerning muscle soreness. It 
is concluded that a pain response is common after FCE and that this is no sign of 
pathology. Furthermore, no relevant ‘at risk’ groups are identified as being more 
sensitive  for  obtaining  muscle  soreness.  Age  and  gender  do  significantly 
contribute to a higher pain intensity and longer duration, but their contribution to 
pain intensity and duration is at most 11%. It is recommended to practitioners to 
take this into account and to inform patients that a pain response can be expected. 
The results in this thesis provide evidence for safety in the WorkWell FCE if all 
standard safety procedures are applied. 
Reliability 
Reliability refers to the extent to which a measurement is consistent and free of 
error.  Reliability  is  therefore  a  pre-requisite  for  any  test.  Any  test  which  is 
insufficiently reliable (intraclass correlation coefficient < 0.75) should not be used. 
All  tests  addressed  in  this  thesis  therefore,  are  tested  previously  on  test-retest 
reliability and are found sufficiently reliable for clinical testing [3-5]. Chapter 4 of 
this thesis presents a study which confirms that the FCE-protocol, specifically 
designed for upper limb disorders, is sufficiently reliable for clinical testing. A 
total  of  23  out  of  26  test  items  were  found  to  have  Intra  Class  Correlation 
Coefficients over 0.75. This study only researched one protocol for upper limb 
disorders and it is recommended that more reliability studies are performed to 
different protocols.  
Validity 
Validity concerns the ability to measure what it is intended to measure. Validity of 
FCE  has  been  addressed  in  different  studies  and  may  encompass  content-, 
construct-,  criterion-related-validity  and  also  responsiveness.  Validity  is  a 
measurement property of a test and is sensitive to a changing context. Prior to the 
question: “is this test a valid test”, one has to ask him or herself the apparently 
obvious question, “What do I aim to measure?” It was exactly that question which 
seemed never thoroughly investigated in FCE. A sound theoretical framework and 
clear operational definitions are of critical importance and are addressed as content 
validity  of  a  test.  This  content  validity  is  studied  in  Chapter  2  of  this  thesis. 
Chapter 2 has specifically focused on reaching consensus among researchers on 
abovementioned  definitions  and  theoretical  framework.  The  International 
Classification  of  Functioning,  Disability  and  Health  (ICF)  is  consented  upon 
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among  researchers  to  serve  as  a  useful  guide  to  within  classify  domains  of 
capacity and performance of functioning [6]. A ground theoretical basis is found 
in the biopsychosocial model which may allow practitioners as well as research to 
further expand their knowledge about functional capacity. Remarkable is that a 
definition  of  FCE  was  not  consented  upon.  This  has  implications  for  further 
research into FCE because it may hinder comparison of data and testing of other 
aspects of validity. Researchers should provide the definitions they use in future 
research.  Based  on  the  ICF  terminology,  we  recommend  using  the  following 
definition of FCE: 
A Functional Capacity Evaluation is an evaluation of capacity of activities that is 
used to make recommendations for participation in work while considering the 
person’s body functions and structures, environmental factors, personal factors 
and health status. 
In Chapter 3 of this thesis, content validity was established for an FCE-protocol 
for measuring work related upper limb disorders (WRULD). A literature review to 
risk factors for WRULD was performed and based on the results of this review, an 
FCE-protocol was constructed. The term of work related upper limb disorders 
was, however, chosen rather careless because in these non-specific symptoms it is 
unclear  whether  a  disorder  with  patho-physiological  substrate  is  present  and 
whether  an  individual’s  pain  can  be  classified  as  work-related  or  not. 
Recommended is to use the term CANS; Complaints of Arm, Neck and Shoulder.  
In Chapter 7, normative values are constructed for Functional Capacity of healthy 
subjects which contribute to the known groups validity of the FCE. The known 
groups validity is a form of criterion-related validity and refers to the quality in 
which two or more different groups can be identified based on test results. In 
Chapter 7, known groups validity is established for 4 groups of healthy workers 
working in different job demand categories. It is concluded that this normative 
data  improves  clinical  decision  making  concerning  work  ability  and  return  to 
work. Implications of this research are discussed extensively under the header of 
“Work load and Work capacity which is addressed on page 138. 
Chapter 8 of this thesis contributes in research to criterion validity of FCE. Two 
lifting assessment protocols were compared to each other. It is concluded that both 
protocols  appear  to  measure  different  constructs  and  can  not  be  used 
interchangeably.  Because  of  the  absence  of  a  gold  standard  for  Functional 
Capacity, no hard evidence can be provided with respect to concurrent validity of 
these tests. 
If the above mentioned definition of FCE is applied, then evaluation of capacity 
means that activities should be measured. Activities are described within the ICF 
as ‘the execution of a task or action by an individual’ [6], and may encompass 
both  work-related  and  non  work-related  tasks.  These  tasks  are  divided  in  9 
biopsychosocial  domains:  learning  and  applying  knowledge,  general  tasks  and 
demands,  communication,  mobility,  self-care,  domestic  life,  interpersonal 
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interactions and relationships, major life areas and community and social and civic 
life. FCE focuses in majority on the ‘mobility’ domain which measures: changing 
and  maintaining  body  positions,  carrying,  moving  and  handling  objects  and 
walking and moving. Other barriers or facilitators should be identified to make 
recommendations for participation in work. In this way, the gap between capacity 
and performance, which reflects the difference between activities in a real life 
situation and uniform environment, can be closed. It is of importance that these 
tasks should be measured in a standardized environment which is similar for all 
persons in all countries to allow international comparisons. One problem however 
is  that  different  FCEs  measure  different  constructs  and  cannot  be  used 
interchangeably, which makes standardization of FCE challenging. As stated by 
the ICF, standardization in quantification of activities should be further developed 
and the World Health Organization may be an organization which is capable of 
development of a gold standard for aspects of measuring capacity.   
Practicality 
Practicality  refers  to  costs  and  time  expense  involved  with  the  tests.  The 
construction of shorter FCE-protocols such as presented in Chapter 3 for CANS, 
explicitly contribute to the practicality of FCE. Shorter and more specific FCE-
protocols enable practitioners to screen for potential disbalance between work load 
and work capacity and are less time consuming and expensive. It is recommended 
that, besides protocols for low back pain [7], neck pain [8] and the present study of 
CANS, FCE-protocols are developed for pain syndromes such as fibromyalgia, 
hand disorders, lower extremity disorders or pelvic pain. Institutions as well as 
private practices may profit from this because it may enable to screen capacity of 
patients  in  30  minutes.  We  applaud  for  the  development  of  multiple  short 
protocols. Furthermore, additional research is necessary to test different aspects of 
validity and responsiveness of the FCE-protocol for CANS.  
Utility 
Utility concerns the usefulness of the procedure and the degree to which it meets 
the needs of the patient, referrer, and payer. Shorter, more specific FCE-protocols 
to specific disorders or professions enable referrers and practitioners to increase 
the  quality  of  their  decision  making.  For  patients,  shorter  protocols  are  less 
demanding. The study presented in Chapter 3, therefore, contributes to utility of 
FCE. 
Normative data contribute to the utility of FCE for practitioners, because Work 
Place  Assessments  (WPA)  are  usually  too  expensive  and  time  consuming  and 
therefore  frequently  an  inappropriate  assessment  method.  The  advantage  of 
comparing patient’s Functional Capacity (FC) to normative values instead of to 
workload is that it enables practitioners to screen for potential disbalance between 
work load and work capacity without performing a WPA and to gain additional 
information concerning FC of patients in relation to a relevant norm group.  
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among  researchers  to  serve  as  a  useful  guide  to  within  classify  domains  of 
capacity and performance of functioning [6]. A ground theoretical basis is found 
in the biopsychosocial model which may allow practitioners as well as research to 
further expand their knowledge about functional capacity. Remarkable is that a 
definition  of  FCE  was  not  consented  upon.  This  has  implications  for  further 
research into FCE because it may hinder comparison of data and testing of other 
aspects of validity. Researchers should provide the definitions they use in future 
research.  Based  on  the  ICF  terminology,  we  recommend  using  the  following 
definition of FCE: 
A Functional Capacity Evaluation is an evaluation of capacity of activities that is 
used to make recommendations for participation in work while considering the 
person’s body functions and structures, environmental factors, personal factors 
and health status. 
In Chapter 3 of this thesis, content validity was established for an FCE-protocol 
for measuring work related upper limb disorders (WRULD). A literature review to 
risk factors for WRULD was performed and based on the results of this review, an 
FCE-protocol was constructed. The term of work related upper limb disorders 
was, however, chosen rather careless because in these non-specific symptoms it is 
unclear  whether  a  disorder  with  patho-physiological  substrate  is  present  and 
whether  an  individual’s  pain  can  be  classified  as  work-related  or  not. 
Recommended is to use the term CANS; Complaints of Arm, Neck and Shoulder.  
In Chapter 7, normative values are constructed for Functional Capacity of healthy 
subjects which contribute to the known groups validity of the FCE. The known 
groups validity is a form of criterion-related validity and refers to the quality in 
which two or more different groups can be identified based on test results. In 
Chapter 7, known groups validity is established for 4 groups of healthy workers 
working in different job demand categories. It is concluded that this normative 
data  improves  clinical  decision  making  concerning  work  ability  and  return  to 
work. Implications of this research are discussed extensively under the header of 
“Work load and Work capacity which is addressed on page 138. 
Chapter 8 of this thesis contributes in research to criterion validity of FCE. Two 
lifting assessment protocols were compared to each other. It is concluded that both 
protocols  appear  to  measure  different  constructs  and  can  not  be  used 
interchangeably.  Because  of  the  absence  of  a  gold  standard  for  Functional 
Capacity, no hard evidence can be provided with respect to concurrent validity of 
these tests. 
If the above mentioned definition of FCE is applied, then evaluation of capacity 
means that activities should be measured. Activities are described within the ICF 
as ‘the execution of a task or action by an individual’ [6], and may encompass 
both  work-related  and  non  work-related  tasks.  These  tasks  are  divided  in  9 
biopsychosocial  domains:  learning  and  applying  knowledge,  general  tasks  and 
demands,  communication,  mobility,  self-care,  domestic  life,  interpersonal 
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interactions and relationships, major life areas and community and social and civic 
life. FCE focuses in majority on the ‘mobility’ domain which measures: changing 
and  maintaining  body  positions,  carrying,  moving  and  handling  objects  and 
walking and moving. Other barriers or facilitators should be identified to make 
recommendations for participation in work. In this way, the gap between capacity 
and performance, which reflects the difference between activities in a real life 
situation and uniform environment, can be closed. It is of importance that these 
tasks should be measured in a standardized environment which is similar for all 
persons in all countries to allow international comparisons. One problem however 
is  that  different  FCEs  measure  different  constructs  and  cannot  be  used 
interchangeably, which makes standardization of FCE challenging. As stated by 
the ICF, standardization in quantification of activities should be further developed 
and the World Health Organization may be an organization which is capable of 
development of a gold standard for aspects of measuring capacity.   
Practicality 
Practicality  refers  to  costs  and  time  expense  involved  with  the  tests.  The 
construction of shorter FCE-protocols such as presented in Chapter 3 for CANS, 
explicitly contribute to the practicality of FCE. Shorter and more specific FCE-
protocols enable practitioners to screen for potential disbalance between work load 
and work capacity and are less time consuming and expensive. It is recommended 
that, besides protocols for low back pain [7], neck pain [8] and the present study of 
CANS, FCE-protocols are developed for pain syndromes such as fibromyalgia, 
hand disorders, lower extremity disorders or pelvic pain. Institutions as well as 
private practices may profit from this because it may enable to screen capacity of 
patients  in  30  minutes.  We  applaud  for  the  development  of  multiple  short 
protocols. Furthermore, additional research is necessary to test different aspects of 
validity and responsiveness of the FCE-protocol for CANS.  
Utility 
Utility concerns the usefulness of the procedure and the degree to which it meets 
the needs of the patient, referrer, and payer. Shorter, more specific FCE-protocols 
to specific disorders or professions enable referrers and practitioners to increase 
the  quality  of  their  decision  making.  For  patients,  shorter  protocols  are  less 
demanding. The study presented in Chapter 3, therefore, contributes to utility of 
FCE. 
Normative data contribute to the utility of FCE for practitioners, because Work 
Place  Assessments  (WPA)  are  usually  too  expensive  and  time  consuming  and 
therefore  frequently  an  inappropriate  assessment  method.  The  advantage  of 
comparing patient’s Functional Capacity (FC) to normative values instead of to 
workload is that it enables practitioners to screen for potential disbalance between 
work load and work capacity without performing a WPA and to gain additional 
information concerning FC of patients in relation to a relevant norm group.  
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The Work Load and Work Capacity model. 
A fundamental concept of FCE is matching work load and work capacity. The 
concept of matching between work load and work capacity is described in figure 
1. Capacity specific to the work demands should be tested and thus, to make valid 
recommendations concerning work ability, information concerning job demands is 
required [9]. Job analyses performed by work place assessments are, however, for 
many  practitioners  inappropriate,  because  of  the  time  consuming  process  and 
absence of sufficient support concerning validity and reliability. Based on this 
model presented in figure 1, successful job placement is established by matching 
functional capacity and job demands into a balance between worker and job. If FC 
and Work Load are not compatible, then Work Capacity can be increased (i.e. 
increase in aerobic or mechanic capacity) or Work Load can be decreased (i.e. 
work place interventions or time management). One of the main challenges of this 
model, however, is how to make a valid individual match. Evaluation of capacity 
usually takes place in a standardized context but successful job placement may be 
contextually facilitated by having good relations with colleagues or a well paid job 
or  hindered  by  anger,  claims  or  other  motivational  aspects.  Two  studies  are 
conducted in the past years to match FCE activities to physical demands and to 
make  predictions  concerning  sustained  work  ability  and  return  to  work  after 
rehabilitation of patients suffering from chronic pain [10;11]. It is concluded that 
work ability and RTW can only be minimally predicted. These results confirm the 
contradictory evidence of the load and capacity model. In a recent thesis, physical 
capacity is tested in relation to exposure to physical factors [12]. An imbalance 
between physical capacity and exposure to work-related physical factors is found 
not to be predictive for future musculoskeletal pain. If we look at the complexity 
of barriers or facilitators in a real life context, it can be imagined that successfully 
predict job placement as well as musculoskeletal pain is insufficient when we look 
at  the  physical  part  of  a  client  solely.  Making  a  functional  analysis  in  which 
contextual and personal factors are being edited to the physical domain may be 
necessary  to  make  proper  decisions.  FC  is  assumed  as  a  pre-requisite  for 
successful participation. FC can be measured with FCE, thus, measuring FCE with 
FCE, may contribute to determining participation at work in a biopsychosocial 
evaluation.   
With  the  establishment  of  normative  values  for  FCE  it  has  been  attempted  to 
partly close the gap between work load and work capacity and matching these two 
constructs into recommendations for return to work. The results, gathered from an 
FCE and compared to these norm values can form a prerequisite for work [2]. If 
practitioners want to screen the physical part of capacity in respect to participation 
in daily life, an FCE can be administered and compared to these norm values. If 
capacity of the client is above the lowest valid norm, then the physical part of 
capacity  is  most  likely  sufficient  to  perform  work  successfully.  Furthermore, 
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Figure 1. Model of successful job placement (adjusted from Armstrong et al.[13]). 
barriers for successful work should be searched for. If a client’s capacity is below 
the  lowest  norm  value,  then  this  gives  an  indication  to  perform  additional 
assessment to capacity in relation to work load and to perform interventions such 
as work hardening programs or ergonomic applications to decrease work load. For 
now, these normative data may be an addition to practitioners. Their validity with 
respect to work load data derived from WPA should be further examined. 
Clinical implications 
For practitioners working in rehabilitation, occupational and insurance medicine, 
the main results of this thesis contribute to making better recommendations with 
respect to functional capacity and return to work. In rehabilitation, knowing that 
FCE  can  be  performed  safely,  clinical  testing  and  assessment  can  be  further 
developed. Implications for rehabilitation are that practitioners may use FCE as an 
instrument  to  test  capacity  to  perform  activities  as  a  point  of  departure  for 
rehabilitation treatment. Based on the results, practitioners and patients can set up 
a plan for rehabilitation. FCE can identify possible barriers or facilitators with 
respect to participation in daily life. If physical factors, such as limited lifting 
capacity,  aerobic  condition  or  insufficient  coordination,  form  a  barrier  for 
functioning in daily life, then goals for rehabilitation may be to increase these 
parts  of  capacity.  If  psychological  factors  such  as  fear  of  movement  limit  de 
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The Work Load and Work Capacity model. 
A fundamental concept of FCE is matching work load and work capacity. The 
concept of matching between work load and work capacity is described in figure 
1. Capacity specific to the work demands should be tested and thus, to make valid 
recommendations concerning work ability, information concerning job demands is 
required [9]. Job analyses performed by work place assessments are, however, for 
many  practitioners  inappropriate,  because  of  the  time  consuming  process  and 
absence of sufficient support concerning validity and reliability. Based on this 
model presented in figure 1, successful job placement is established by matching 
functional capacity and job demands into a balance between worker and job. If FC 
and Work Load are not compatible, then Work Capacity can be increased (i.e. 
increase in aerobic or mechanic capacity) or Work Load can be decreased (i.e. 
work place interventions or time management). One of the main challenges of this 
model, however, is how to make a valid individual match. Evaluation of capacity 
usually takes place in a standardized context but successful job placement may be 
contextually facilitated by having good relations with colleagues or a well paid job 
or  hindered  by  anger,  claims  or  other  motivational  aspects.  Two  studies  are 
conducted in the past years to match FCE activities to physical demands and to 
make  predictions  concerning  sustained  work  ability  and  return  to  work  after 
rehabilitation of patients suffering from chronic pain [10;11]. It is concluded that 
work ability and RTW can only be minimally predicted. These results confirm the 
contradictory evidence of the load and capacity model. In a recent thesis, physical 
capacity is tested in relation to exposure to physical factors [12]. An imbalance 
between physical capacity and exposure to work-related physical factors is found 
not to be predictive for future musculoskeletal pain. If we look at the complexity 
of barriers or facilitators in a real life context, it can be imagined that successfully 
predict job placement as well as musculoskeletal pain is insufficient when we look 
at  the  physical  part  of  a  client  solely.  Making  a  functional  analysis  in  which 
contextual and personal factors are being edited to the physical domain may be 
necessary  to  make  proper  decisions.  FC  is  assumed  as  a  pre-requisite  for 
successful participation. FC can be measured with FCE, thus, measuring FCE with 
FCE, may contribute to determining participation at work in a biopsychosocial 
evaluation.   
With  the  establishment  of  normative  values  for  FCE  it  has  been  attempted  to 
partly close the gap between work load and work capacity and matching these two 
constructs into recommendations for return to work. The results, gathered from an 
FCE and compared to these norm values can form a prerequisite for work [2]. If 
practitioners want to screen the physical part of capacity in respect to participation 
in daily life, an FCE can be administered and compared to these norm values. If 
capacity of the client is above the lowest valid norm, then the physical part of 
capacity  is  most  likely  sufficient  to  perform  work  successfully.  Furthermore, 
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Figure 1. Model of successful job placement (adjusted from Armstrong et al.[13]). 
barriers for successful work should be searched for. If a client’s capacity is below 
the  lowest  norm  value,  then  this  gives  an  indication  to  perform  additional 
assessment to capacity in relation to work load and to perform interventions such 
as work hardening programs or ergonomic applications to decrease work load. For 
now, these normative data may be an addition to practitioners. Their validity with 
respect to work load data derived from WPA should be further examined. 
Clinical implications 
For practitioners working in rehabilitation, occupational and insurance medicine, 
the main results of this thesis contribute to making better recommendations with 
respect to functional capacity and return to work. In rehabilitation, knowing that 
FCE  can  be  performed  safely,  clinical  testing  and  assessment  can  be  further 
developed. Implications for rehabilitation are that practitioners may use FCE as an 
instrument  to  test  capacity  to  perform  activities  as  a  point  of  departure  for 
rehabilitation treatment. Based on the results, practitioners and patients can set up 
a plan for rehabilitation. FCE can identify possible barriers or facilitators with 
respect to participation in daily life. If physical factors, such as limited lifting 
capacity,  aerobic  condition  or  insufficient  coordination,  form  a  barrier  for 
functioning in daily life, then goals for rehabilitation may be to increase these 
parts  of  capacity.  If  psychological  factors  such  as  fear  of  movement  limit  de 
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person  to  function,  a  graded  exposure  program  may  be  appropriate  to  restore 
functioning.  
For occupational medicine, FCE may contribute in objectification of functional 
capacity.  Reintegration  programs  can  be  developed  based  on  these  data.  For 
occupational  physicians,  it  is  of  importance  to  know  whether  physical  aspects 
limit  the  subject  or  whether  other  factors,  such  as  conflicts  at  work,  limit  a 
successful  RTW.  Using  the  normative  references  to  compare  FCE  scores  of 
disabled workers enhance occupational physicians to make a quick first screening 
of capacity. If the disabled worker scores above the lowest valid cut-off point of 
the normative values, then capacity to perform activities is most likely sufficient to 
defy their workload. If a worker scores below, then WPA may be necessary in 
order to make good recommendations. Also, when highly specific tasks should be 
performed  which  are  not  simulated  in  FCE,  WPA  needs  to  be  performed.  A 
second application of FCE for occupational physicians is on prevention basis. In 
many countries, FCEs or derivatives are used as pre-employment test to identify 
workers whose capacity is insufficient to defy the work load. Comparing results of 
these healthy subjects to the normative values may provide insight with respect to 
successful job placing. Future research should be performed to test this hypothesis. 
The utility of FCE for the insurance physician (IP) has previously been studied 
[14;15]. It was concluded that FCE may provide additional information to IPs with 
respect to work disability claims. Until now, IPs were not able to compare patients 
results to normative data, therefore it could always be argued whether a patient 
capacity was sufficient or not to return to his/her former job or whether a worker 
should search for other jobs matching his or her capacity. A comparison to the 
normative data can be objective support to IPs in their decision whether a patient 
is able to defy their work load and thus, whether he or she may be eligible for 
financial compensation.      
Theoretical considerations 
To understand the exact place of FCEs within a theoretical framework, it is of 
importance to look at the way human functioning has been explained throughout 
the years. The view to functioning is inextricable related to the way FCE has been 
interpreted. Since FCEs were firstly described in about the 1970’s [16], increased 
measurement has taken place. FCE has, as a measurement tool, evolved from two 
different  theoretical  paradigms:  the  biomedical  model  on  the  one,  against  the 
biopsychosocial model on the other hand. As a result, the understanding of FCE 
and  its  related  terminology  followed  two  paths.  Confusion  and  discussion  of 
researchers and practitioners to ‘what is being measured’ was the result of these 
differences  in  interpretation  models.  In  1980,  the  World  Health  Organization 
published the International Classification of Impairments, Disability and Handicap 
(ICIDH). This biopsychosocial approach to a different understanding of human 
functioning was constructed to; provide a scientific basis for understanding and 
studying health and health-related states, outcomes and determinants; to establish 
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a  common  language  for describing  health  and  health-related  states  in  order  to 
improve communication between different users; to permit comparison of data 
across countries, health care disciplines, services and time; to provide a systematic 
coding  scheme  for  health  information  systems.  The  entrance  of  the 
biopsychosocial model has clearly changed the way that FCEs are applied. The 
biopsychosocial  model  focuses  on  multifactor  causation  of  physical  or 
psychological diseases, and it is inherently assumed that once found the cause, the 
disease will disappear. An underlying philosophical basis of this model is that 
everything significantly deviating from ‘normal’ is assumed to be a disease [17]. 
In  the  past  years,  a  gradual  shift  has  taken  place  in  which  this  multicausal 
paradigm is increasingly being questioned upon. The introduction of noncausal 
contextual models of chronic pain gains support quickly [18]. Acceptance and 
Commitment Therapy [19] is one example of the appliance of contextual theory. 
While  modern  Western  psychology  has  typically  operated  under  the  "healthy 
normality"  assumption  which  states  that  by  their  nature,  humans  are 
psychologically healthy, ACT assumes that psychological processes of a normal 
human  mind  are  often  destructive.  ACT  differs  from  traditional  cognitive 
behavioural therapy in that rather than trying to teach people to better control their 
thoughts, emotions and other private events, ACT teaches them to accept their 
private events, including the aversive ones [20]. ACT has proven to be effective in 
a range of clinical conditions, such as depression, OCD, workplace stress, anxiety, 
schizophrenia and also chronic pain [20]. Within the treatment for chronic pain it 
was found that ACT contributes to fewer sick days at work and fewer medical 
treatment [18]. Functional Capacity Evaluation may be incorporated within this 
contextual model. Within ACT, the role of avoidance to negative experiences such 
as pain or negative emotions is to be identified. FCE can serve as an experiential 
test because it is performance based. From an ACT point of view searching for 
functional  barriers  or  facilitators  is  an  essential  step  in  which  the  function  of 
avoidance should be identified. An important step for future research will be to 
study the content validity of the FCE within a contextual theory and its relation to 
successful return to work, work ability or physical barriers or facilitating factors 
regarding RTW or work ability.  
Recommendations for Further research 
In this thesis, a contribution was made with respect to measurement qualities of 
FCE. While evidence is provided, other gaps in research should be closed and 
expanding research should focus on the following issues: 
• In this thesis, consensus among experts concerning FCE terminology was 
reached in many definitions. No consensus is reached about a definition 
of Functional Capacity Evaluation. Furthermore, confusion in evaluation 
methods  between  Work  Performance  Evaluations,  Physical  Capacity 
Evaluation, Functional Performance tests should still be clarified. It is 
necessary to know which instrument is able to measure which construct 
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person  to  function,  a  graded  exposure  program  may  be  appropriate  to  restore 
functioning.  
For occupational medicine, FCE may contribute in objectification of functional 
capacity.  Reintegration  programs  can  be  developed  based  on  these  data.  For 
occupational  physicians,  it  is  of  importance  to  know  whether  physical  aspects 
limit  the  subject  or  whether  other  factors,  such  as  conflicts  at  work,  limit  a 
successful  RTW.  Using  the  normative  references  to  compare  FCE  scores  of 
disabled workers enhance occupational physicians to make a quick first screening 
of capacity. If the disabled worker scores above the lowest valid cut-off point of 
the normative values, then capacity to perform activities is most likely sufficient to 
defy their workload. If a worker scores below, then WPA may be necessary in 
order to make good recommendations. Also, when highly specific tasks should be 
performed  which  are  not  simulated  in  FCE,  WPA  needs  to  be  performed.  A 
second application of FCE for occupational physicians is on prevention basis. In 
many countries, FCEs or derivatives are used as pre-employment test to identify 
workers whose capacity is insufficient to defy the work load. Comparing results of 
these healthy subjects to the normative values may provide insight with respect to 
successful job placing. Future research should be performed to test this hypothesis. 
The utility of FCE for the insurance physician (IP) has previously been studied 
[14;15]. It was concluded that FCE may provide additional information to IPs with 
respect to work disability claims. Until now, IPs were not able to compare patients 
results to normative data, therefore it could always be argued whether a patient 
capacity was sufficient or not to return to his/her former job or whether a worker 
should search for other jobs matching his or her capacity. A comparison to the 
normative data can be objective support to IPs in their decision whether a patient 
is able to defy their work load and thus, whether he or she may be eligible for 
financial compensation.      
Theoretical considerations 
To understand the exact place of FCEs within a theoretical framework, it is of 
importance to look at the way human functioning has been explained throughout 
the years. The view to functioning is inextricable related to the way FCE has been 
interpreted. Since FCEs were firstly described in about the 1970’s [16], increased 
measurement has taken place. FCE has, as a measurement tool, evolved from two 
different  theoretical  paradigms:  the  biomedical  model  on  the  one,  against  the 
biopsychosocial model on the other hand. As a result, the understanding of FCE 
and  its  related  terminology  followed  two  paths.  Confusion  and  discussion  of 
researchers and practitioners to ‘what is being measured’ was the result of these 
differences  in  interpretation  models.  In  1980,  the  World  Health  Organization 
published the International Classification of Impairments, Disability and Handicap 
(ICIDH). This biopsychosocial approach to a different understanding of human 
functioning was constructed to; provide a scientific basis for understanding and 
studying health and health-related states, outcomes and determinants; to establish 
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a  common  language  for describing  health  and  health-related  states  in  order  to 
improve communication between different users; to permit comparison of data 
across countries, health care disciplines, services and time; to provide a systematic 
coding  scheme  for  health  information  systems.  The  entrance  of  the 
biopsychosocial model has clearly changed the way that FCEs are applied. The 
biopsychosocial  model  focuses  on  multifactor  causation  of  physical  or 
psychological diseases, and it is inherently assumed that once found the cause, the 
disease will disappear. An underlying philosophical basis of this model is that 
everything significantly deviating from ‘normal’ is assumed to be a disease [17]. 
In  the  past  years,  a  gradual  shift  has  taken  place  in  which  this  multicausal 
paradigm is increasingly being questioned upon. The introduction of noncausal 
contextual models of chronic pain gains support quickly [18]. Acceptance and 
Commitment Therapy [19] is one example of the appliance of contextual theory. 
While  modern  Western  psychology  has  typically  operated  under  the  "healthy 
normality"  assumption  which  states  that  by  their  nature,  humans  are 
psychologically healthy, ACT assumes that psychological processes of a normal 
human  mind  are  often  destructive.  ACT  differs  from  traditional  cognitive 
behavioural therapy in that rather than trying to teach people to better control their 
thoughts, emotions and other private events, ACT teaches them to accept their 
private events, including the aversive ones [20]. ACT has proven to be effective in 
a range of clinical conditions, such as depression, OCD, workplace stress, anxiety, 
schizophrenia and also chronic pain [20]. Within the treatment for chronic pain it 
was found that ACT contributes to fewer sick days at work and fewer medical 
treatment [18]. Functional Capacity Evaluation may be incorporated within this 
contextual model. Within ACT, the role of avoidance to negative experiences such 
as pain or negative emotions is to be identified. FCE can serve as an experiential 
test because it is performance based. From an ACT point of view searching for 
functional  barriers  or  facilitators  is  an  essential  step  in  which  the  function  of 
avoidance should be identified. An important step for future research will be to 
study the content validity of the FCE within a contextual theory and its relation to 
successful return to work, work ability or physical barriers or facilitating factors 
regarding RTW or work ability.  
Recommendations for Further research 
In this thesis, a contribution was made with respect to measurement qualities of 
FCE. While evidence is provided, other gaps in research should be closed and 
expanding research should focus on the following issues: 
• In this thesis, consensus among experts concerning FCE terminology was 
reached in many definitions. No consensus is reached about a definition 
of Functional Capacity Evaluation. Furthermore, confusion in evaluation 
methods  between  Work  Performance  Evaluations,  Physical  Capacity 
Evaluation, Functional Performance tests should still be clarified. It is 
necessary to know which instrument is able to measure which construct 
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and future research should study the differences and similarities of these 
different evaluation constructs. 
• For  validity  purposes,  it  should  be  strived  that  a  gold  standard  for 
capacity evaluation is developed.  
• To improve FCEs utility, short form FCE-protocols should be developed 
and  tested  on  reliability  and  validity.  FCE-protocols  are  already 
developed for low back pain [7], upper limb disorders and neck disorders 
[8]. Protocols should be developed for fibromyalgia, lower extremity pain 
and osteoarthritis. 
• Studies should be performed to identify determinants of performance to 
gain  insight  in  which  factors  are  of  main  concern  in  explaining 
performance  or  non-performance.  Personal  and  environmental  factors 
may be studied with qualitative study designs. Research to persons with 
chronic  pain  who  do  function  in  daily  life  successfully,  may  provide 
additional insight.   
• In  this  thesis,  normative  values  for  FCE  are  presented.  It  is  unclear, 
however, which is the lowest valid value in this research. The normative 
values should be investigated on validity by comparing the normative 
values  to  data  gathered  from  WPA.  Furthermore,  with  respect  to  the 
Dictionary of Occupational Titles (DOT), it is necessary to study how 
these  normative  values  are  compared  to  the  values  of  the  DOT  and 
whether classification in these DOT categories is (still) valid for different 
professions. 
• For generalization purposes, the normative values established should be 
investigated and validated for other populations and other countries. 
• In  the  present  days,  workers  may  be  required  to  work  longer  until 
retirement, the ageing working population in Western society increases. 
Normative data of functional capacity with regards to age may provide 
insight  in  the  work  ability  of  the  ageing  society.  Objective  data  in 
functional capacity in relation to work demands may be critical in this 
group. The normative values presented in his thesis focused on working 
subjects from 20 to 60 years of age. Normative values for workers from 
60 and older may provide this information.  
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Summary 
In  this  thesis,  research  to  measurement  qualities  of  Functional  Capacity 
Evaluations (FCEs) is described. FCE’s are performance based tests to measure 
capacity of activities in a standardized environment. FCEs are used to identify 
individual’s  capacity  in  respect  to  their  workload  and  are  used  in  the  field  of 
rehabilitation, occupational and insurance medicine. In these fields, the model of 
work load and work capacity is frequently used to make decisions concerning the 
functional capacity of a patient. FCEs may play an important role to operationally 
define Work Capacity of patients in these cases. This thesis aims at improvement 
of measurement qualities of FCE. These measurement qualities can be divided in 
the following issues: safety, reliability, validity, practicality and utility. In order to 
meet these objectives, 7 Studies are performed which are described in chapters 2 
to 8. 
In Chapter 1, the objectives of this thesis are described. Additionally, a theoretical 
framework for this thesis is provided. 
In Chapter 2, a study is described which focuses on content validity of FCE. 
Inconsistent terminology and the absence of a conceptual framework within the 
FCE  literature  are  addressed.  Worldwide,  22  experts  participated  in  a  Delphi 
study. Semi and full structured questionnaires are used in three rounds to gain 
consensus  considering  39  statements  concerning  operational  definitions  and 
conceptual framework. Consensus of definitions is considered when 75% or more 
of all experts agree with a definition. Consensus is met in operational definitions 
in 10 out of 19 statements. With respect to conceptual framework, consensus is 
met  in  9  out  of  20  statements.  Experts  consented  to  use  the  International 
Classification of Functioning, Disability and Health (ICF) and to use the terms as 
specified within the ICF. No consensus is reached on a definition of Functional 
Capacity Evaluation. For future research, it is recommended that researchers use 
the ICF as a conceptual framework and to provide a definition of FCE. 
The research described in Chapter 3 is described to design an FCE protocol for 
patients  with  Work  Related    Upper  Limb  Disorders  (WRULD  FCE)  and  to 
provide evidence for content validity. A review to epidemiological literature is 
conducted to identify physical risk factors for WRULD. The results indicate that 
physical risk factors are related to repetition, duration, working in awkward and 
static positions and forceful movements of the upper extremity and neck. An FCE 
is designed based on the risk factors identified. Eight tests are selected to cover all 
risk  factors:  the  overhead  lift,  overhead  work,  repetitive  reaching,  handgrip 
strength, finger strength, wrist extension strength, fingertip dexterity, and a hand 
and  forearm  dexterity  test.  Content  validity  of  this  FCE  was  established  by 
providing the rationale, specific objectives and operational definitions of the FCE.   
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In Chapter 1, the objectives of this thesis are described. Additionally, a theoretical 
framework for this thesis is provided. 
In Chapter 2, a study is described which focuses on content validity of FCE. 
Inconsistent terminology and the absence of a conceptual framework within the 
FCE  literature  are  addressed.  Worldwide,  22  experts  participated  in  a  Delphi 
study. Semi and full structured questionnaires are used in three rounds to gain 
consensus  considering  39  statements  concerning  operational  definitions  and 
conceptual framework. Consensus of definitions is considered when 75% or more 
of all experts agree with a definition. Consensus is met in operational definitions 
in 10 out of 19 statements. With respect to conceptual framework, consensus is 
met  in  9  out  of  20  statements.  Experts  consented  to  use  the  International 
Classification of Functioning, Disability and Health (ICF) and to use the terms as 
specified within the ICF. No consensus is reached on a definition of Functional 
Capacity Evaluation. For future research, it is recommended that researchers use 
the ICF as a conceptual framework and to provide a definition of FCE. 
The research described in Chapter 3 is described to design an FCE protocol for 
patients  with  Work  Related    Upper  Limb  Disorders  (WRULD  FCE)  and  to 
provide evidence for content validity. A review to epidemiological literature is 
conducted to identify physical risk factors for WRULD. The results indicate that 
physical risk factors are related to repetition, duration, working in awkward and 
static positions and forceful movements of the upper extremity and neck. An FCE 
is designed based on the risk factors identified. Eight tests are selected to cover all 
risk  factors:  the  overhead  lift,  overhead  work,  repetitive  reaching,  handgrip 
strength, finger strength, wrist extension strength, fingertip dexterity, and a hand 
and  forearm  dexterity  test.  Content  validity  of  this  FCE  was  established  by 
providing the rationale, specific objectives and operational definitions of the FCE.   
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In Chapter 4, a study is presented that researched the test-retest reliability of the 
WRULD FCE protocol described in Chapter 3 of this thesis. Thirty three healthy 
adults performed the WRULD FCE, consisting of 26 items, twice with a 10-day 
interval. Means, 95% confidence intervals, one-way random Intraclass Correlation 
Coefficients (ICCs) and 95% limits of agreement arre calculated. The results show 
that 14 of 26 items have excellent reliability, 9 of 26 items have good reliability 
and 3 of 26 items have moderate reliability. Significant learning effects are present 
in the Purdue Pegboard Task and in the Complete Minnesota Dexterity Test. It is 
concluded that the WRULD FCE is reliable on test-retest reliability in healthy 
adults. 
The study described in Chapter 5 is performed to quantify the intensity, duration, 
location and nature of the pain response following an FCE in healthy subjects and 
to compare this pain response with the pain response of patients with Chronic Low 
Back Pain (CLBP). A total of 197 healthy working subjects (102 men, 95 women) 
performed a 12-item FCE. Pain response is measured by a self-constructed Pain 
Response Questionnaire (PRQ). Descriptive statistics are used to describe the pain 
response following an FCE. The results are that 82% of all subjects reported a pain 
response following the FCE. The intensity of the pain response after 24 h post 
FCE is a median of 3.0 on a numeric rating scale (0-10). About 78% of all pain is 
reducible to muscle soreness. Pain is most often reported in the upper legs (51%), 
the lower back (38%), the shoulders (37%) and upper arms (36%). Symptoms 
decreased to pre-FCE levels in a mean of 3 days. The pain response of 2 subjects 
(1%) lasted for 3 weeks. The intensity and duration of the pain response of healthy 
subjects was not significantly different from the response of patients with CLBP. 
The conclusion of this study was that the pain response of 99% of all subjects was 
a normal musculoskeletal reaction and can be expected.  
The  aim  of  Chapter  6  was  to  study  whether  personal  characteristics  and 
performance measures are predictive for onset, intensity and duration of Delayed 
Onset  Muscle  Soreness  (DOMS)  after  FCE.  The  same  dataset  is  used  as  the 
research described in Chapter 5. Five groups of predictors are tested in a multiple 
regression analysis model: personal variables, self reported activity, self reported 
health, perceived effort during the test and objective outcomes of the test. Twenty-
three independent variables are selected and tested with a backward regression 
analysis. The onset of DOMS can be explained for 7% by the variables gender and 
the work index of the Baecke questionnaire. Variance of intensity of DOMS can 
be  explained  for  13%  by  the  variables  age,  gender  and  VO2max.  Variance  in 
duration of DOMS can be explained for 8% by the variables gender and reported 
emotional  role  limitations.  Onset,  intensity  and  duration  of  DOMS  remained 
unpredictable for 87% or more. It is concluded that the intensity and duration of 
self  reported  DOMS  can  only  minimally  be  predicted  from  the  candidate 
predictors used in this study. 
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The objective of the study, presented in Chapter 7, was to establish normative 
values  for  FCE  of  healthy  working  subjects.  Subjects  working  in  over  180 
professions performed an FCE consisting of 12 work-related tests. Subjects are 
classified into categories based on physical demands according to the Dictionary 
of Occupational Titles (DOT). Means, ranges, standard deviations and percentiles 
are calculated and regression analyses for outcome of the 12 tests were performed. 
The results of this study are that normative FCE values of 701 healthy working 
subjects (448 male, 253 female) are established for 4 physical demand categories. 
These  normative  values  enable  comparison  of  patients’  performances  to  these 
values.  If  the  patients’  performances  exceed  the  lowest  scores  in  his/her 
corresponding  demand  category,  the  patients’  capacity  is  very  likely  to  be 
sufficient to defy the work load. Further research is needed to test validity of the 
normative references with respect to work place assessments and return to work 
recommendations.  
In  Chapter  8,  the  lifting  low  test  of  the  WorkWell  FCE  is  compared  to  the 
Progressive  Isoinertial  Lifting  Evaluation  (PILE)  to  study  whether  both  lifting 
assessment tests can be used interchangeably in patients with Chronic Low Back 
Pain (CLBP) and to explore whether psychosocial variables can explain possible 
differences. Fifty three patients with CLBP are tested twice in a counter balanced 
design. Pearson Correlation Coefficient of r > 0.75 and non-significant differences 
on  two-tailed  t-tests  were  considered  as  good  comparability.  The  Pearson 
Correlation  Coefficient  was  0.75  (p  <  0.01)  but  there  appeared  a  significant 
difference of 6.0 kg. The difference between the PILE and the WWS appeared 
unrelated to psychological variables. It can be concluded that the PILE and the 
WWS FCE cannot be used interchangeably.  
In Chapter 9, the main results of this thesis are discussed. The contribution to the 
measurement qualities of FCE is described and recommendations with regards to 
future research are given. The WorkWell FCE protocol which was used in the 
studies presented in this thesis was found safe for clinical testing when all safety 
procedures are followed. It was concluded that a pain response after FCE was a 
normal reaction of the musculoskeletal system after intensive exercise. The pain 
response  in healthy  subjects  was  similar  to  the  pain  response  of  patients  with 
CLBP. It was recommended to clinicians to inform patients that a temporarily 
increase of pain may be expected and that this is no sign of pathology. 
Evidence for content validity of FCE is confirmed in Chapter 2 and 3. Consensus 
is reached among experts in a considerable amount of definitions and theoretical 
framework. The WRULD FCE is found to be content valid and test-retest reliable. 
Further research is necessary to confirm other kinds of validity. The WRULD FCE 
protocol can be a worthy addition for clinicians to screen capacity of patients 
suffering from WRULD. 
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of Occupational Titles (DOT). Means, ranges, standard deviations and percentiles 
are calculated and regression analyses for outcome of the 12 tests were performed. 
The results of this study are that normative FCE values of 701 healthy working 
subjects (448 male, 253 female) are established for 4 physical demand categories. 
These  normative  values  enable  comparison  of  patients’  performances  to  these 
values.  If  the  patients’  performances  exceed  the  lowest  scores  in  his/her 
corresponding  demand  category,  the  patients’  capacity  is  very  likely  to  be 
sufficient to defy the work load. Further research is needed to test validity of the 
normative references with respect to work place assessments and return to work 
recommendations.  
In  Chapter  8,  the  lifting  low  test  of  the  WorkWell  FCE  is  compared  to  the 
Progressive  Isoinertial  Lifting  Evaluation  (PILE)  to  study  whether  both  lifting 
assessment tests can be used interchangeably in patients with Chronic Low Back 
Pain (CLBP) and to explore whether psychosocial variables can explain possible 
differences. Fifty three patients with CLBP are tested twice in a counter balanced 
design. Pearson Correlation Coefficient of r > 0.75 and non-significant differences 
on  two-tailed  t-tests  were  considered  as  good  comparability.  The  Pearson 
Correlation  Coefficient  was  0.75  (p  <  0.01)  but  there  appeared  a  significant 
difference of 6.0 kg. The difference between the PILE and the WWS appeared 
unrelated to psychological variables. It can be concluded that the PILE and the 
WWS FCE cannot be used interchangeably.  
In Chapter 9, the main results of this thesis are discussed. The contribution to the 
measurement qualities of FCE is described and recommendations with regards to 
future research are given. The WorkWell FCE protocol which was used in the 
studies presented in this thesis was found safe for clinical testing when all safety 
procedures are followed. It was concluded that a pain response after FCE was a 
normal reaction of the musculoskeletal system after intensive exercise. The pain 
response  in healthy  subjects  was  similar  to  the  pain  response  of  patients  with 
CLBP. It was recommended to clinicians to inform patients that a temporarily 
increase of pain may be expected and that this is no sign of pathology. 
Evidence for content validity of FCE is confirmed in Chapter 2 and 3. Consensus 
is reached among experts in a considerable amount of definitions and theoretical 
framework. The WRULD FCE is found to be content valid and test-retest reliable. 
Further research is necessary to confirm other kinds of validity. The WRULD FCE 
protocol can be a worthy addition for clinicians to screen capacity of patients 
suffering from WRULD. 
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Concurrent  validity  between  FCEs  appears  to  be  low  and  in  Chapter  8  it  is 
concluded  that  FCEs  cannot  be  used  interchangeably.  It  appears  difficult  to 
describe other kinds of measurement qualities of FCE. Data appear difficult to be 
interpreted,  because  no  gold  standard  for  FCE  is  available.  The  International 
Classification  of  Functioning,  Disability  and  Health  (ICF),  offers  a  good 
conceptual  framework  to  within  classify  terminology  used  in  FCE  research. 
Consensus  in  experts  is  of  major  importance  to  correctly  interpret  data.  It  is 
recommended to perform further research with respect to operational definitions 
of the term Functional Capacity Evaluation.  
  
Normative references of the FCE contribute to a better interpretation for clinicians 
concerning  patients’  Functional  Capacity.  These  values  enable  comparison  of 
work  capacity  to  these  normative  values  of  subjects  performing  in  the  same 
category of work load. It is recommended to use these normative values indicative 
because further research with regards to validity is necessary.  
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Samenvatting 
In  dit  proefschrift  zijn  de  meeteigenschappen  van  een  Functionele  Capaciteit 
Evaluatie (FCE) beschreven. FCEs zijn samengestelde tests om de capaciteit voor 
de  uitvoering  van  arbeidsgerelateerde  activiteiten  te  meten  in  een 
gestandaardiseerde omgeving. FCEs zijn ontworpen om de functionele capaciteit 
van de patiënt in relatie tot zijn arbeidsbelasting in kaart te brengen en worden 
gebruikt  in  de  revalidatie-,  arbeids-  en  verzekeringsgeneeskunde.  Binnen  deze 
disciplines staat het model van belasting/belastbaarheid centraal mede ten behoeve 
van  de  oordeelsvorming  over  de  arbeidsbelastbaarheid  en  re-integratie  van 
patiënten naar de arbeidssituatie. FCEs kunnen mogelijk een grote rol spelen om 
deze arbeidsbelastbaarheid objectief in kaart te brengen. Dit proefschrift richt zich 
op  het  onderzoeken  en  verbeteren  van  de  meeteigenschappen  en  op 
normaalwaarden  voor  FCE.  De  meeteigenschappen  van  FCE  kunnen  worden 
onderverdeeld  in  de  volgende  punten:  veiligheid,  betrouwbaarheid,  validiteit, 
uitvoerbaarheid  en nut. Om  deze  doelen te  behalen  zijn  7  studies  verricht die 
beschreven zijn in de hoofdstukken 2 tot en met 8. 
In hoofdstuk 1 worden de doelen van dit proefschrift geïntroduceerd en wordt een 
theoretisch kader voor dit proefschrift weergegeven.  
In Hoofdstuk 2 is een studie beschreven die ingaat op de inhoudsvaliditeit van 
FCE.  Het  probleem  van  begripsverwarring  bij  FCE  en  de  afwezigheid  van 
consensus met betrekking tot een theoretisch kader wordt beschreven. In totaal 
hebben 22 experts wereldwijd geparticipeerd in een Delphi-studie. Middels semi- 
en  gestructureerde  vragenlijsten  is  gedurende  drie  ronden  getracht 
overeenstemming te bereiken over 39 stellingen met betrekking tot definities en 
een  theoretisch  kader.  Van  overeenstemming  is  sprake  wanneer  75%  van  de 
experts  overeenstemde  met  een  definitie.  Bij  10  van  de  19  stellingen  over 
operationele  definities  is  overeenstemming  bereikt.  Met  betrekking  tot  een 
theoretisch kader is overeenstemming bereikt bij 9 van de 20 stellingen. Experts 
stemden in met het gebruik van de ‘International Classification of Functioning, 
Disability  and  Health  (ICF)’  als  theoretisch  kader  en  met  het  gebruik  van  de 
definities zoals deze in de ICF beschreven zijn. Er is ehter geen overeenstemming 
over  een  definitie  van  Functionele  Capaciteits  Evaluatie  bereikt.  Voor 
vervolgonderzoek  wordt  aanbevolen  om  de  ICF  te  gebruiken  als  theoretisch 
raamwerk en om een definitie van FCE te specificeren.  
In Hoofdstuk 3 is een studie beschreven waarin een FCE-protocol ontwikkeld is 
voor  patiënten  met  chronische  pijn  aan  de  bovenste  extremiteit.  Tevens  is  de 
inhoudsvaliditeit  van  dit  protocol  beschreven.  Er  is  een  systematisch 
literatuuronderzoek  uitgevoerd  naar  de  fysieke  risicofactoren  voor  pijn  aan  de 
bovenste  extremiteit.  Risicofactoren  zijn:  het  uitvoeren  van  repetitieve  taken, 
lange  duur  van  de  taak,  werken  in  moeilijke  houdingen,  het  volhouden  van 
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statische belasting en het uitoefenen van krachtige bewegingen. Op basis van deze 
risicofactoren is een FCE-protocol samengesteld. Er zijn 8 tests geselecteerd om al 
deze risicofactoren te testen. De geselecteerde tests zijn: tillen hoog, bovenhands-
werken,  repetitief  reiken,  handkracht,  vingerkracht,  pols-extensie-kracht, 
vingercoördinatie en hand- en onderarmcoördinatie. Door het doel en operationele 
definities  voor  FCE  te  specificeren  wordt  een  bijdrage  geleverd  aan  de 
inhoudsvaliditeit van het FCE-protocol. 
In Hoofdstuk 4 is het FCE-protocol, dat in Hoofdstuk 3 beschreven staat, getest op 
de  test-hertest  betrouwbaarheid.  Drieëndertig  gezonde  volwassenen  hebben  de 
FCE, die bestaat uit 26 test items, tweemaal uitgevoerd met een tussenperiode van 
10 dagen. Gemiddelden, 95% betrouwbaarheidsintervallen, Intraclass Correlation 
Coefficients (ICCs) en limits of agreement zijn berekend. De resultaten geven aan 
dat 14 van de 26 items een uitstekende betrouwbaarheid vertonen (ICC  0.90), 9 
van de 26 items vertonen goede betrouwbaarheid (ICC  0.75) en 3 van de 26 
items  hebben  een  matige  betrouwbaarheid  (ICC  <  0.75).  Er  zijn  significante 
leereffecten aanwezig in de Purdue Pegboard Test en in de Complete Minnesota 
Dexterity Test. Er wordt geconcludeerd dat het FCE-protocol voor pijnklachten 
aan de bovenste-extremiteit test-hertest betrouwbaar is bij gezonde volwassenen. 
De studie die in Hoofdstuk 5 is beschreven is uitgevoerd om de intensiteit, duur, 
lokalisatie en vorm van de pijnrespons na een FCE te beschrijven van gezonde 
proefpersonen en om deze te vergelijken met die van patiënten met chronische 
lage  rugpijn  (CLRP).  In  totaal  hebben  197  gezonde  proefpersonen  een  FCE, 
bestaande  uit  12  tests,  uitgevoerd.  De  pijnrespons  is  gemeten  met  een  eigen 
gemaakte  pijnrespons  vragenlijst.  De  resultaten  geven  aan  dat  82%  van  alle 
proefpersonen  een  pijnrespons  na  de  FCE  rapporteren.  De  mediaan  voor 
pijnintensiteit 24 uur na de FCE bedraagt 3.0 op een numerieke schaal van 0 tot 
10. 78% Van alle pijn bedraagt spierpijn. Pijn wordt het meest gerapporteerd in de 
bovenbenen  (51%),  onderrug  (38%),  de  schouders  (37%)  en  de  bovenarmen 
(36%). De symptomen nemen af naar het niveau van vóór de FCE in gemiddeld 3 
dagen. De pijnrespons van 2 proefpersonen duurt 3 weken. De intensiteit en duur 
van de  pijnrespons  van  gezonde proefpersonen  verschillen  niet  significant  van 
patiënten met CLRP. De conclusie van deze studie is dat de pijnrespons bij 99% 
van de proefpersonen een normale reactie van het bewegingsapparaat is en dat 
deze reactie te verwachten is. 
Het  doel  van  Hoofdstuk  6  is  om  te  onderzoeken  of  persoonsvariabelen  en 
prestatiemetingen voorspellend zijn voor het al dan niet krijgen van spierpijn, voor 
de intensiteit en de duur van de spierpijn na een FCE. Voor dit onderzoek is 
gebruik gemaakt van dezelfde dataset als in hoofdstuk 5. Er zijn vijf groepen van 
mogelijke  voorspellers  getest  met  een  multipele  regressie  model.  Dit  zijn 
persoonsvariabelen,  zelf  gerapporteerde  activiteiten,  zelf  gerapporteerde 
gezondheid, ervaren inspanning tijdens de test en objectief gemeten prestaties van 
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de  test.  23  voorspellende  variabelen  zijn  geselecteerd  en  getest  met  een 
‘backward’ multipele regressie model. Geslacht en de werkindex van de Baecke 
vragenlijst verklaren voor 7% het al dan niet krijgen van spierpijn. Intensiteit van 
de spierpijn wordt voor 13% verklaard door de variabelen geslacht, leeftijd en 
VO2max.  De  duur  van  de  spierpijn  kan  voor  8%  verklaard  worden  door  de 
variabelen geslacht en zelf gerapporteerde emotionele rolbeperking van de Rand-
36. Het krijgen van spierpijn, de intensiteit en de duur van spierpijn blijft voor 
tenminste 87% onverklaarbaar. Er wordt geconcludeerd dat intensiteit en duur van 
zelf gerapporteerde spierpijn minimaal voorspeld kan worden door de voorspellers 
in deze studie. 
Het doel van de studie die in Hoofdstuk 7 gepresenteerd is, is het verzamelen van 
normaalwaarden  voor  FCE  bij  gezonde  werkende  proefpersonen.  De 
proefpersonen, werkzaam in meer dan 180 verschillende beroepen, voeren een 
FCE  uit  die  bestaat  uit  12  werkgerelateerde  tests.  De  proefpersonen  worden 
geclassificeerd  in  categorieën  van  verschillende  arbeidsbelasting  volgens  de 
‘Dictionary  of  Occupational  Titles  (DOT)’.  Gemiddelden,  range,  standaard 
deviaties en percentielen zijn berekend en er is een regressie analyse uitgevoerd 
met  als  afhankelijke  variabele  de  uitkomst  van  de  12  tests  van  de  FCE.  Dit 
resulteert in normaalwaarden voor FCE van 701 gezonde werkende proefpersonen 
bestaande uit 448 mannen en 253 vrouwen werkzaam in vier verschillende klassen 
arbeidsbelasting.  Deze  normaalwaarden  maken  vergelijkingen  tussen  capaciteit 
van patiënten en gezonde proefpersonen mogelijk. Wanneer de prestatie van een 
patiënt gelijk of hoger is dan de laagst valide normscore is het zeer waarschijnlijk 
dat  deze  capaciteit  voldoende  is  om  in  de  desbetreffende  klasse  van 
arbeidsbelasting te werken. Verder onderzoek is nodig om de validiteit van deze 
normaalwaarden te testen in relatie tot werkplekonderzoek en aanbevelingen voor 
werkhervatting. 
In hoofdstuk 8 worden twee til-protocollen met elkaar vergeleken. De tiltest van 
de  WorkWell  FCE  is  vergeleken  met  de  ‘Progressive  Isoinertial  Lifting 
Evaluation’ (PILE) om te onderzoeken of beide til-protocollen hetzelfde meten bij 
patiënten  met  chronische  lage  rugpijn  en  om  te  onderzoeken  of  psychosociale 
variabelen mogelijke verschillen kunnen verklaren. In dit onderzoek worden 53 
patiënten  getest  op  beide  tests  in  een  gecontrabalanceerd  design.  Wanneer  de 
Pearson  Correlatie  Coëfficiënt  groter  dan  0.75  is  en  er  geen  significante 
verschillen  tussen  beide  tests  zijn,  wordt  gesproken  van  een  goede 
vergelijkbaarheid. De Pearson Correlatie Coëfficiënt bedraagt 0.75 (p<0.01), maar 
er blijkt een significant verschil van 6 kg aanwezig te zijn. Het verschil tussen 
beide  tests  kan  niet  verklaard  worden  door  psychologische  variabelen.  De 
conclusie is dat de PILE en de WorkWell tiltest niet onderling uitwisselbaar zijn. 
In  hoofdstuk  9  zijn  de  belangrijkste  bevindingen  van  dit  proefschrift 
bediscussieerd. De bijdrage van de studies op verschillende meeteigenschappen 
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van  de  FCE  worden  beschreven  en  er  worden  aanbevelingen  voor 
vervolgonderzoek gegeven. Het WorkWell FCE-protocol dat is afgenomen in deze 
studies word veilig bevonden, wanneer standaard veiligheidsvoorschriften in acht 
worden genomen. Er wordt geconcludeerd dat een pijnrespons na een FCE een 
normale  reactie  is  van  het  bewegingsapparaat  na  intensieve  inspanning.  De 
pijnreactie  was  bij  patiënten  met  CLRP  vergelijkbaar  met  die  van  gezonde 
proefpersonen. Clinici worden aanbevolen om patiënten voor te lichten dat een 
tijdelijke toename van klachten kan optreden, maar dat dit geen abnormale reactie 
is. 
De inhoudsvaliditeit van FCE is door de studies in Hoofdstuk 2 en 3 bevestigd. Er 
is  consensus  van  experts  bereikt  over  theoretisch  kader  en  veel  operationele 
definities.  Het  verkorte  FCE-protocol  voor  pijnklachten  aan  de  bovenste 
extremiteit blijkt inhoudsvalide en betrouwbaar op test-hertest betrouwbaarheid. 
Verder  onderzoek  is  nodig  om  andere  aspecten  van  validiteit  te  testen.  Dit 
verkorte protocol kan een waardevolle uitbreiding zijn voor het screenen van de 
belastbaarheid  van  patiënten  met  pijnklachten  aan  de  bovenste  extremiteit.  De 
concurrente validiteit tussen verschillende FCE-protocollen is echter laag en FCE-
protocollen kunnen onderling verschillend zijn. Sommige meeteigenschappen van 
FCE blijken moeilijk in kaart te brengen. Mede vanwege de afwezigheid van een 
gouden  standaard  voor  Functionele  Capaciteit  en  het  daaraan  gekoppelde 
meervoudig  taalgebruik  zijn  gegevens  vaak  moeilijk  te  interpreteren.  De 
International Classification of Functioning, Disability and Health (ICF), blijkt een 
goed  theoretisch  kader  te  bieden  waarbinnen  FCE  terminologie  geclassificeerd 
kan worden. Consensus in operationele definities blijkt van groot belang voor het 
interpreteren  van  data.  Aanbevolen  wordt  om  verder  onderzoek  te  doen  met 
betrekking tot operationele definities van de term Functional Capacity Evaluation. 
Normaalwaarden  van  de  FCE  dragen  bij  aan  een  betere  interpretatie  van  de 
clinicus betreffende de Functionele Capaciteit van patiënten. Deze waarden zorgen 
ervoor  dat  de  belastbaarheid  van  de  patiënt  kan  worden  vergeleken  met  een 
normgroep werkzaam in dezelfde categorie van fysieke arbeidsbelasting. Op deze 
manier  kan  inzicht  worden  verkregen  in  de  balans  tussen  arbeidsbelasting  en 
arbeidsbelastbaarheid  van  de  patiënt.  Deze  normaalwaarden  dragen  bij  aan  de 
uitvoerbaarheid en het nut van FCE. Aanbevolen wordt om deze normgegevens 
indicatief  te  gebruiken,  omdat  verder  onderzoek  met  betrekking  tot  validiteit 
vereist is.  
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Dankwoord 
De afgelopen 4 jaren dat ik met dit onderzoek bezig ben geweest zijn werkelijk 
voorbij gevlogen. Terugkijkend heb ik 4 jaar geleden niet altijd goed beseft waar 
ik  aan  begonnen  was.  Het  testen  van  een  krappe  duizend  proefpersonen  op 
arbeidsbelastbaarheid was een hele klus. Vaak heb ik me te vroeg ‘rijk gerekend’ 
om vervolgens toch weer teleurgesteld te worden. Toch kijk ik met veel plezier 
terug aan deze mooie en zeer leerzame periode waarin ik met de ‘FCE-bus’ door 
het  land  ben  gereden.  Zorg  en  onderzoek  blijven  ook  na  deze  periode  mijn 
bezigheden en ik zie er al weer naar uit om een nieuwe uitdaging binnen het 
Ontwikkelcentrum  Pijnrevalidatie  aan  te  gaan.  Graag  wil  bij  dit  bijzondere 
moment van gereedkomen van mijn proefschrift nog even stilstaan en een ieder 
bedanken zonder wiens hulp dit proefschrift nooit tot stand was gekomen. 
Prof.  dr.  J.  Geertzen,  beste  Jan,  ik  wil  jou  als  eerste  bedanken  voor  de 
mogelijkheid die je me geboden hebt om dit promotieonderzoek te kunnen doen. 
Dankzij je snelheid, deskundigheid en precisie ben ik altijd in staat gesteld om 
‘lekker door te pakken’. Ik hoop nog vele jaren van je kennis en inzicht gebruik te 
kunnen maken. 
Prof. dr. J. Groothoff, beste Johan, je goede humeur en bewogenheid heb ik altijd 
als erg prettig ervaren. Je brede expertise op het gebied van sociale geneeskunde 
waren  van  groot  belang  om  mijn  onderzoek  in  een  breder  perspectief  te  zien. 
Hartelijk dank voor al je steun! 
Dr. Michiel Reneman, zonder jou was het nooit wat geworden. Toen je zei dat 
promoveren voor ‘neuzelende losers’ was wist ik niet dat je mij op het oog had. Je 
scherpe oog voor de kern, je doorzettingsvermogen en onze altijd geëmancipeerde 
discussies zullen mij lang bijblijven. Bedankt voor alles! 
Dr.  Cees  van  der  Schans,  ook  jou  wil  ik  hartelijk  danken  voor  de  goede 
begeleiding.  Je  weet  hoe  je  een  promovendus  de  ruimte  moet  geven  en  om 
desgewenst  inhoudelijk  te  blijven  prikkelen  met  je  diepe  inhoudelijke  en 
praktische kennis. 
De leden van de leescommissie, Prof. dr. A.J. van der Beek (VUMC), Prof. dr. 
J.J.A. Mooij (UMCG) en Prof. dr. J.S. Rietman (UT) dank ik voor het beoordelen 
van dit proefschrift en het plaatsnemen in mijn kerncommissie. 
Teamleiding Ontwikkelcentrum PijnRevalidatie, beste Nelleke en Rita, bedankt 
voor al het geduld en voor alle bewegingsvrijheid die jullie me gegeven hebben. 
Jullie vertrouwen is zeer belangrijk voor me.  
Ook wil  ik  mijn directe  fysio  collega’s  bedanken  voor alle  steun  in goede  en 
uitdagende tijden. Bij jullie kon ik heerlijk op adem komen op de momenten dat ik 
het  even  zat  was.  Bert,  bedankt  voor  alle  leuke  innoverende  en  persoonlijke 
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momenten. Met jou gaat presteren een stuk gemakkelijker! Evelien, bedankt voor 
alle  steun  die  je  gegeven  hebt.  Joke,  bij  jou  kon  ik  altijd  mijn  verhaal  kwijt. 
Bedankt voor die fijne momenten en goede samenwerking op het werk, maar ook 
op het tennisveld. Annemiek, bedankt voor alle wijze raad en lol. Ik zal je nog 
hard nodig hebben als kersverse vader! Ben, bedankt dat je me hebt afgelost als 
jongste telg van het team! Je was altijd bereid om FCE’s af te nemen en dat heeft 
me  door  een  lastige  laatste  periode  geholpen.  Ik  hoop  nog  lang  van  jullie  als 
collega’s te kunnen genieten!  
Overige collega’s van het OPR, Franka, Judith, Lucienne, Marijke, Anja, Heike, 
Annemieke, Manya, Cor, Wim, Maikel, Marleen en Okkie, ik wil jullie danken 
voor  alle  samenwerking  en  goede  werksfeer.  Manya,  bedankt  voor  al  het 
(weekend) werk dat je voor me wilde doen om alles in perfect Engels om te zetten. 
De  leden  van  mijn  projectgroep  van  mijn  onderzoek,  Sandra  Brouwer,  Pieter 
Dijkstra, Erwin Gerrits en Frank Jungbouwer wil ik danken. Sandra en Pieter, 
bedankt voor jullie leuke, kundige en coöperatieve samenwerking. Beste Erwin, en 
alle andere collega’s van UCPG; Michiel, Franz, Nynke en David, bedankt voor 
de goede samenwerking. Ik heb er van genoten om samen met jullie het hele land 
door te reizen. David, je warme persoonlijkheid in combinatie met je kritische oog 
laten me altijd weer nadenken. Bedankt! 
Bas Poels, we hebben veel te weinig samen kunnen doen, ik heb je samenwerking 
als erg prettig ervaren en hoop dat we elkaar weer eens tegenkomen. Haitze de 
Vries,  een  nieuwe  creatieve  geest  is  bij  mij  binnengelopen  en  op  mijn  kamer 
komen zitten. Bedankt voor alle koffiekwartiertjes en ik hoop dat we veel samen 
gaan doen en veel van elkaar kunnen gaan leren! De andere collega’s van OKER 
wil ik bedanken voor hun geduld. Ik was niet altijd beschikbaar voor “koffie en 
praat” in deze periode, maar ik hoop dat we dit snel kunnen inhalen! 
Alle fysio’s van Beatrixoord, en in het bijzonder degenen die met mij in ons ‘hok’ 
vertoeven. Afdeling D, E en meisjes van A, jullie weten als geen ander dat een 
prettige werkomgeving ook een gezellige moet zijn. Bedankt voor alle domme, 
serieuze, leuke, inspirerende en gezellige praat! 
Dit  proefschrift  was  niet  mogelijk  zonder  de  medewerkers  van  de 
Hanzehogeschool,  in  het  bijzonder  de  afdeling  fysiotherapie.  Rob  Douma,  de 
ongelooflijke variatie  die  wij  in  onze  gesprekken  kunnen  voeren  zal  me  altijd 
bijblijven. Je betrokkenheid en nieuwsgierigheid naar mijn persoon in combinatie 
met  een  grote  hoeveelheid  humor  en  relativeringsvermogen  zijn  mij  tot  grote 
vreugde. Sandra Jorna, eerst als student, nu als collega, ik wens je veel succes toe 
met je promotieondezoek en ik hoop dat onze samenwerking nog lang kan duren. 
Paul Hodselmans “James Brown”, je blijft soms onnavolgbaar, maar je discussies 
zijn  altijd  messcherp.  Bedankt  dat  het  bij  jou  nooit  saai  is.  Ook  Miriam  van 
Ittersum wil ik bedanken. Andre Bieleman van de Saxion Hogeschool, ik vind het 
erg leuk om je eerst als afstudeerdocent van mijn opleiding fysiotherapie, nu ook 
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als collega in het onderzoek weer tegen te komen. Ook de vele studenten die me 
geholpen hebben wil ik in meer en soms ook mindere mate bedanken voor hun 
inzet. Het was voor beide partijen een leerzame periode. 
Er zijn enkele mensen in het bedrijfsleven die ik wil bedanken voor hun steun en 
prettige samenwerking. Ten eerste Hans Dam van Hunter Douglas B.V., bedankt 
voor alle hulp en samenwerking. Harry van Duijn, ook jou wil ik hartelijk danken 
voor de flexibiliteit en enthousiasme waarmee je hebt gewerkt. Eeljo Stek, van het 
Noorderpoort Centrum Vakopleiding, bedankt voor je nuchtere en enthousiaste 
hulp. Margot Miller and Dee Daley of WorkWell Inc., I would like to thank you 
for all cooperative and kind support. 
Marco, het waren twee vette jaren met jou op mijn kamer. Ik heb ongelooflijk veel 
lol  gehad  en  nergens  zoveel  geleerd.  Met  mijn  doorzettingsvermogen  en  jou 
creativiteit  hadden  we  het  nog  ver  kunnen  schoppen.  Ik  betreur  je  keuze  nog 
steeds, maar ben hartstikke blij dat je mijn paranimf wil zijn! 
Uiteraard wil ik ook mijn familie bedanken. Pa en ma, zelfs jullie tweede zoon is 
goed terecht gekomen. Bedankt voor alle liefde en vrijheid om mijn eigen keuzes 
te maken. Margriet, je openheid in gesprekken en je streefniveau in je leven doen 
me veel. Bedankt voor je vertrouwen. Dineke, bedankt voor de prachtige cover! Je 
creativiteit heb je zeker niet van mij! Willem-Jan, bedankt dat je mijn paranimf 
wilt zijn. Dan staan we eindelijk weer op gelijke hoogte. Ik ga proberen om er 
minder een wedstrijdje van te maken haha! Marijke en Ronald, bedankt dat ik niet 
altijd  over  het  werk  hoef  te  praten.  Jullie  steun  is  vanzelfsprekend  en  dat  is 
bijzonder. Rob, Karin, bedankt dat de gesprekken niet altijd diepgaand hoeven te 
zijn. Ook even lekker ontspannen hoort erbij! 
Miranda, het is teveel om op te schrijven. Ik houd van je! Ik kijk ernaar uit om met 
onze  kleine  Bram  verder  te  gaan,  maar  ook  stil  te  staan  bij  alle  bijzondere 
momenten! 







156Dankwoord 
 156
momenten. Met jou gaat presteren een stuk gemakkelijker! Evelien, bedankt voor 
alle  steun  die  je  gegeven  hebt.  Joke,  bij  jou  kon  ik  altijd  mijn  verhaal  kwijt. 
Bedankt voor die fijne momenten en goede samenwerking op het werk, maar ook 
op het tennisveld. Annemiek, bedankt voor alle wijze raad en lol. Ik zal je nog 
hard nodig hebben als kersverse vader! Ben, bedankt dat je me hebt afgelost als 
jongste telg van het team! Je was altijd bereid om FCE’s af te nemen en dat heeft 
me  door  een  lastige  laatste  periode  geholpen.  Ik  hoop  nog  lang  van  jullie  als 
collega’s te kunnen genieten!  
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Annemieke, Manya, Cor, Wim, Maikel, Marleen en Okkie, ik wil jullie danken 
voor  alle  samenwerking  en  goede  werksfeer.  Manya,  bedankt  voor  al  het 
(weekend) werk dat je voor me wilde doen om alles in perfect Engels om te zetten. 
De  leden  van  mijn  projectgroep  van  mijn  onderzoek,  Sandra  Brouwer,  Pieter 
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bedankt voor jullie leuke, kundige en coöperatieve samenwerking. Beste Erwin, en 
alle andere collega’s van UCPG; Michiel, Franz, Nynke en David, bedankt voor 
de goede samenwerking. Ik heb er van genoten om samen met jullie het hele land 
door te reizen. David, je warme persoonlijkheid in combinatie met je kritische oog 
laten me altijd weer nadenken. Bedankt! 
Bas Poels, we hebben veel te weinig samen kunnen doen, ik heb je samenwerking 
als erg prettig ervaren en hoop dat we elkaar weer eens tegenkomen. Haitze de 
Vries,  een  nieuwe  creatieve  geest  is  bij  mij  binnengelopen  en  op  mijn  kamer 
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Curriculum Vitae 
Remko Soer werd geboren op 22 oktober 1978 in Meppel. In 1996 behaalde hij 
zijn HAVO-diploma aan de C.S.G. Dingstede te Meppel. In 1997 werd begonnen 
met de opleiding fysiotherapie aan de Saxion Hogeschool Enschede waar hij in 
2001  zijn  diploma  behaalde.  In  datzelfde  jaar  begon  hij  met  zijn  studie 
Bewegingswetenschappen  aan  de  Rijksuniversiteit  Groningen  met  als 
afstudeerrichting ‘Arbeid en Gezondheid’. Zijn afstudeeronderzoek verrichtte hij 
op de Arbeidsexploratie van het Centrum voor Revalidatie van het Universitair 
Medisch Centrum Groningen (CvR-UMCG) naar het ontwikkelen en toetsen van 
een  FCE-protocol  voor  patiënten  met  klachten  aan  de  bovenste  extremiteit.  In 
2004 behaalde hij zijn doctoraal en na een korte periode werkzaam te zijn geweest 
als fysiotherapeut in de eerste lijn werd hij in 2005 aangenomen als fysiotherapeut 
in het Pijnteam van het CvR-UMCG. In 2006 startte hij bij de arbeidsexploratie 
een  parttime  promotieonderzoek  naar  de  verdere  ontwikkeling  van  FCE  onder 
leiding van Prof. dr. J.H.B. Geertzen en Prof. dr. J.W. Groothoff. Dit onderzoek, 
gefinancierd  door  de  Stichting  Instituut  Gak,  had  als  doel  om  de 
meeteigenschappen  van  FCE  te  toetsen  en  om  normaalwaarden  voor 
arbeidsbelastbaarheid  te  verkrijgen.  De  resultaten  van  dit  onderzoek  staan 
beschreven  in  dit  proefschrift.  Vanaf  1  januari  2009  is  hij  werkzaam  als 
fysiotherapeut  en  als  onderwijs-  en  onderzoeksmedewerker  op  het 
Ontwikkelcentrum Pijnrevalidatie CvR-UMCG.      
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